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(57) ABSTRACT

A surgical stapling assembly comprising a first jaw, a second
jaw, and a staple cartridge assembly positioned 1n the first
jaw 1s disclosed. The staple cartridge assembly comprises a
plurality of staples, a plurality of staple drivers, and a
cartridge body. The cartridge body comprises a deck surface
configured to support patient tissue, a longitudinal slot
defined in the cartridge body, a plurality of staple cavities,
and a longitudinal wall extending vertically below the deck
surface. The longitudinal wall comprises a first zone com-
prising a first wall height and a second zone comprising a
second wall height. The staple cartridge assembly further
comprises a sled movable longitudinally through the car-
tridge body, wherein the sled 1s sized and configured resist
deflection of the cartridge body during the firing stroke
within the second zone.
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1

INTEGRAL CARTRIDGE STIFFENING
FEATURES TO REDUCE CARTRIDGE
DEFLECTION

BACKGROUND

The present invention relates to surgical instruments and,
in various arrangements, to surgical stapling and cutting
mstruments and staple cartridges for use therewith that are
designed to staple and cut tissue.

SUMMARY

A surgical stapling assembly comprising a first jaw, a
second jaw, and a staple cartridge assembly positioned 1n the
first jaw 1s disclosed. The staple cartridge assembly com-
prises a plurality of staples, a plurality of staple drivers, and
a cartridge body. The cartridge body comprises a deck
surface configured to support patient tissue, a longitudinal
slot defined 1n the cartridge body and configured to receive
at least a portion of a knife therethrough during a firing
stroke, and a plurality of staple cavities defined 1n the deck
surface, wherein the plurality of staples are removably
stored within the plurality of staple cavities. The cartridge
body further comprises a longitudinal wall extending verti-
cally below the deck surface and longitudinally adjacent the
longitudinal slot, wherein the longitudinal wall comprises a
first zone comprising a first wall height within the firing
stroke and a second zone comprising a second wall height
within the firing stroke greater than the first wall height. The
surgical stapling assembly further comprises a sled movable
longitudinally through the cartridge body, wherein the sled
comprises a support base and a ramped wedge extending
upward from the support base, wherein the ramped wedge 1s
configured to lift the plurality of staple drivers to eject the
plurality of staples from the plurality of staple cavities
during the firing stroke, and wherein the sled 1s sized and
configured resist deflection of the cartridge body during the
firing stroke within the second zone.

A surgical stapling assembly comprising a first jaw, a
second jaw, and a staple cartridge assembly positioned 1n the
first jaw 1s disclosed. The staple cartridge assembly com-
prises a plurality of staples and a cartridge body. The
cartridge body comprises a deck surface configured to
support patient tissue, a longitudinal slot defined 1n the
cartridge body and configured to receive at least a portion of
a knife therethrough during a firing stroke, and a plurality of
staple cavities defined 1n the deck surface, wherein the
plurality of staples are removably stored within the plurality
of staple cavities. The staple cartridge assembly further
comprises a sled movable longitudinally through the car-
tridge body to eject the plurality of staples from the plurality
of staple cavities during the firing stroke and a longitudi-
nally-translatable support positioned within the longitudinal
slot and configured to transfer clamping pressure from the
second jaw to the first jaw.

LISTING OF THE FIGURES

Various features of the embodiments described herein,
together with advantages therecof, may be understood in
accordance with the following description taken in conjunc-
tion with the accompanying drawings as follows:

FIG. 1 1s a perspective view of a surgical stapling end
cllector comprising a shait, a first jaw, and a second jaw
movable relative to the first jaw to clamp tissue between the
first jaw and the second jaw;
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2

FIG. 2 1s a partial perspective view of a proximal end of
a staple cartridge of the surgical stapling end effector of FIG.
1, wherein the staple cartridge 1s configured to be nstalled
into the first jaw;

FIG. 3 1s a partial cross-sectional view of the surgical
stapling end eflector of FIG. 1 where the staple cartridge 1s
installed 1n the first jaw and the second jaw 1s positioned 1n
a fully clamped position;

FIG. 4 1s a partial perspective view of a staple cartridge
for use with a surgical stapling end eflector, wherein the
staple cartridge comprises a plurality of outer staple cavities
and a plurality of staple drivers configured to eject staples
from the outer staple cavities, and wherein each outer staple
cavity comprises a retention feature configured to hold one
of the staple drivers 1n an unfired position;

FIG. § 1s a cross-sectional view of the staple cartridge of
FIG. 4, wherein the staple drivers are illustrated in their
unfired position;

FIG. 6 1s a cross-sectional view of a staple cartridge
assembly comprising a cartridge body and a sled, wherein
the cartridge body comprises an inner cartridge wall com-
prising a varying height along the longitudinal length of the
iner cartridge wall;

FIG. 7 1s a perspective view of the sled of the staple
cartridge assembly of FIG. 6;

FIG. 8 1s a front view of the sled of FIG. 7;

FIG. 9 1s a partial cross-sectional view of a proximal zone
of the staple cartridge assembly of FIG. 6, where the sled 1s
in a proximal, unfired position;

FIG. 10 1s a partial cross-sectional view of an intermediate
zone of the staple cartridge assembly of FIG. 6, where the
sled 1s positioned within the intermediate zone;

FIG. 11 1s a top view ol a staple cartridge assembly
comprising a cartridge body having a longitudinal slot and
a pre-positioned cartridge support pillar positioned within
the longitudinal slot;

FIG. 12 1s a perspective view of the cartridge support
pillar of FIG. 11;

FIG. 13 1s a cross-sectional view of the staple cartridge
assembly of FIG. 11;

FIG. 14 1s a perspective view of a cartridge support pillar
for use with a staple cartridge assembly, wherein the car-
tridge support pillar comprises staple deployment ramps
configured to fire the distal-most staples of a staple cartridge
assembly;

FIG. 15 1s a cross-sectional view of a staple cartridge
assembly comprising a cartridge body, a sled, and a pre-
positioned cartridge support pillar within a longitudinal slot
of the cartridge body, wherein the sled 1s in a proximal,
unfired position;

FIG. 16 1s a perspective view of the cartridge support
pillar of FIG. 15;

FIG. 17 1s a cross-sectional view of the staple cartridge
assembly of FIG. 15, wherein the sled 1s engaged with the
pre-positioned cartridge support pillar;

FIG. 18 1s a cross-sectional view of the staple cartridge
assembly of FIG. 15, wherein the sled and the pre-positioned
cartridge support pillar are positioned 1n a distal, fired
position;

FIG. 18A 1s a side view of a stapling system comprising
a staple cartridge, a cartridge channel, and a movable
cartridge support positioned within the staple cartridge,
wherein the stapling system further comprises a sensing
system configured to sense a parameter ol the stapling
system;

FIG. 18B 1s a perspective view of the movable cartridge
support of FIG. 18A;
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FIG. 18C 1s a side view of the movable cartridge support
of FIG. 18A;

FI1G. 19 15 a partial perspective view of a surgical stapling
system comprising a firing assembly, a sled, a cartridge
channel, and a flex circuit configured to detect the position
of the sled during a firing stroke;

FIG. 20 1s a partial, cross-sectional, perspective view of a
surgical stapling assembly comprising a sled, a cartridge
channel, and a sled detection system configured to detect the
position of the sled during a firing stroke;

FIG. 21 1s a schematic view of the surgical stapling
assembly of FIG. 20, wherein the sled 1s 1n a proximal,
unfired position and a conductive post of the sled detection
system 1s 1 a pre-positioned home position 1 a proximal
zone of the surgical stapling assembly;

FIG. 22 1s a schematic view of the surgical stapling
assembly of FIG. 20, wherein the sled 1s engaged with the
conductive post in the pre-positioned home position;

FIG. 23 1s a schematic view of the surgical stapling
assembly of FIG. 20, wherein the sled 1s engaged with the
conductive post 1n a plurality of fired positions;

FIG. 24 1s a schematic view of the surgical stapling
assembly of FIG. 20, wherein the sled 1s retracted into the
proximal, unfired position and the conductive post 1s lett in
a distal end of the cartridge channel;

FIG. 25 1s a perspective view ol a surgical stapling
assembly comprising a firing driver, a cartridge channel, and
a staple cartridge assembly, wherein the staple cartridge
assembly comprises a deployable support positioned within
a longitudinal slot of the staple cartridge assembly;

FIG. 26 1s a top view of the staple cartridge assembly of
FIG. 25;

FI1G. 27 15 a side view of the staple cartridge assembly of
FIG. 25;

FIG. 28 1s a top view of a sled for use with a surgical
stapling assembly, wherein the sled comprises a central
portion comprising a proximal end and a distal end, and
wherein distal end 1s thicker than the proximal end;

FIG. 28A 15 a top view of a staple cartridge assembly for
use with the sled of FIG. 28:

FI1G. 29 15 a partial perspective view of a surgical stapling
assembly comprising a staple cartridge assembly, wherein
the staple cartridge assembly comprises a cartridge body and
a sled, and wherein the cartridge body comprises a plurality
of support pillars configured to be hinged out of the way by
the sled during a firing stroke;

FIG. 30 15 a cross-sectional view of the surgical stapling
assembly of FI1G. 29, wherein the surgical stapling assembly
turther comprises a cartridge channel comprising an oppos-
ing support surtace and a cavity through which the sled 1s
configured to travel during the firing stroke;

FIG. 31 1s a cross-sectional view of the surgical stapling
assembly of FIG. 29, wherein a pair of opposing support
pillars are in a fully-extended configuration; and

FIG. 32 1s a cross-sectional view of the surgical stapling
assembly of FIG. 29, wherein the pair of opposing support
pillars shown 1n FIG. 31 are 1n a fully-collapsed configura-
tion.

Corresponding reference characters indicate correspond-
ing parts throughout the several views.

DETAILED DESCRIPTION

Applicant of the present application owns the following
U.S. Patent Applications that were filed on Oct. 13, 2023 and
which are each herein incorporated by reference in their
respective entireties:
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U.S. patent application Ser. No. 18/379,759, titled
METHOD OF OPERATING A SURGICAL STA-

PLING INSTRUMENT;

U.S. patent application Ser. No. 18/379,762, titled SUR-
GICAL STAPLING SYSTEMS WITH ADAPTIVE
STAPLE FIRING ALGORITHMS;

U.S. patent application Ser. No. 18/379,763, ftitled
LEARNED TRIGGERS FOR ADAPTIVE CONTROL

OF SURGICAL STAPLING SYSTEMS;

U.S. patent application Ser. No. 18/379,766, titled CON-
TROL CIRCUIT FOR ACTUATING MOTORIZED
FUNCTION OF SURGICAL STAPLING INSTRU-
MENT UTILIZING INERTIAL DRIVE TRAIN
PROPERTIES;

U.S. patent application Ser. No. 18/379,768, titled PRO-

PORTIONATE BALANCING OF THE FUNCTION

IMPACT MAGNITUDE OF BATTERY OUTPUT TO

PEAK MOTOR CURRENT;

U.S. patent application Ser. No.

MOTOR OPTIMIZATION BY M.
PARASITIC LOSSES AND T
DRIVE CONFIGURATION;

U.S. patent application Ser. No. 18/379,771, titled APPA -
RATUS AND METHOD TO REDUCE PARASITIC
LOSSES OF THE ELECTRICAL SYSTEM OF A
SURGICAL INSTRUMENT;

U.S. patent application Ser. No. 18/379,776, tatled SUR-
GICAL TOOL WITH RELAXED FLEX CIRCUIT
ARTICULATION;

U.S. patent application Ser. No. 18/379,777, titled WIR-
ING HARNESS FOR SMART STAPLER WITH
MULTI AXIS ARTICULATION;

U.S. patent application Ser. No. 18/379,781, titled SUR-
GICAL SYSTEM WITH WIRELESS ARRAY FOR
POWER AND DATA TRANSFER; and

U.S. patent application Ser. No. 18/379,784, titled SUR-
GICAL STAPLE CARTRIDGE COMPRISING
REPLACEABLE ELECTRONICS PACKAGE.

Applicant of the present application owns the following

U.S. Patent Applications that were filed on-even date here-

with Oct. 13, 2023 and which are each herein incorporated

by reference 1n their respective entireties:

U.S. patent application Ser. No. 18/379,790,
METHOD OF ASSEMBLING A STAPLE
TRIDGE;

U.S. patent appllcatlon Ser. No. 18/379,793, titled CON-
TROL SURFACES ON A STAPLE DRIVER OF A
SURGICAL STAPLE CARTRIDGE;

U.S. patent application Ser. No. 18/379,,801,, titled
STAPLE CARTRIDGE COMPRISING WALL
STRUCTURES TO REDUCE  CARTRIDGE
DEFLECTION;

U.S. patent application Ser. No. 18/379,803, titled PAN-
LESS STAPLE CARTRIDGE ASSEMBLY COM-
PRISING RETENTION FEATURES FOR HOLDING
STAPLE DRIVERS AND SLED;

U.S. patent application Ser. No. 18/379,8035, titled
STAPLE CARTRIDGE COMPRISING A SLED HAV-
ING A DRIVER LIFT CAM;

U.S. patent application Ser. No. 18/379,808, titled SUR-
GICAL STAPLE CARTRIDGES WITH SLEDS CON-
FIGURED TO BE COUPLED TO A FIRING DRIVE
OF A COMPATIBLE SURGICAL STAPLER;

U.S. patent application Ser. No. 18/379,810, ftitled
STAPLE CARTRIDGE COMPRISING A COMPOS-
ITE SLED;

s

18/379,771, titled
NIMIZATION OF
UNING MOTOR

titled
CAR-
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U.S. patent application Ser. No. 18/379,811, titled SUR-
GICAL INSTRUMENTS WITH JAW AND FIRING
ACTUATOR LOCKOUT ARRANGEMENTS
LOCATED PROXIMAL TO A JAW PIVOT LOCA.-
TION;

U.S. patent application Ser. No. 18/379,813, titled SUR-
GICAL INSTRUMENTS WITH LATERALLY

ENGAGEABLE LOCKING ARRANGEMENTS FOR

LOCKING A FIRING ACTUATOR;

U.S. patent application Ser. No. 18/379,817, taitled DUAL

INDEPENDENT KEYED LOCKING MEMBERS
ACTING ON THE SAME DRIVE MEMBER;

U.S. patent application Ser. No. 18/379,820, titled
ADJUNCTS FOR USE WITH SURGICAL STA-
PLING INSTRUMENTS;

U.S. patent application Ser. No. 18/379,822, titled
ADJUNCTS FOR USE WITH SURGICAL STA-

PLING INSTRUMENTS;

U.S. patent application Ser. No. 18/379,826, titled JAW
CONTROL SURFACES ON A SURGICAL INSTRU-
MENT JAW:;

U.S. patent application Ser. No. 18/379,827, titled
ZONED ALGORITHM ADAPTIVE CHANGES
BASED ON CORRELATION OF COOPERATIVE
COMPRESSION CONTRIBUTIONS OF TISSUE;

U.S. patent application Ser. No. 18/379,831, tltled
STAPLE CARTRIDGES COMPRISING TRAC:
RETENTION FEATURES; and

U.S. patent application Ser. No. 18/379,832, titled
STAPLE CARTRIDGES COMPRISING STAPLE
RETENTION FEATURES.

Numerous specific details are set forth to provide a
thorough understanding of the overall structure, function,
manufacture, and use of the embodiments as described 1n the
specification and illustrated 1n the accompanying drawings.
Well-known operations, components, and elements have not
been described 1n detail so as not to obscure the embodi-
ments described in the specification. The reader will under-
stand that the embodiments described and 1llustrated herein
are non-limiting examples, and thus 1t can be appreciated
that the specific structural and functional details disclosed
herein may be representative and 1llustrative. Vanations and
changes thereto may be made without departing from the
scope of the claims.

The terms “proximal” and “distal” are used herein with
reference to a clinician manipulating the handle portion of
the surgical instrument. The term “proximal” refers to the
portion closest to the clinician and the term *“distal” refers to
the portion located away from the clinician. It will be further
appreciated that, for convenience and clarity, spatial terms
such as “vertical”, “horizontal”, “up”, and “down” may be
used herein with respect to the drawings. However, surgical
instruments are used 1n many orientations and positions, and
these terms are not itended to be limiting and/or absolute.

Various exemplary devices and methods are provided for
performing laparoscopic and minimally invasive surgical
procedures. However, the reader will readily appreciate that
the various methods and devices disclosed herein can be
used 1 numerous surgical procedures and applications
including, for example, in connection with open surgical
procedures. As the present Detailled Description proceeds,
the reader will turther appreciate that the various instru-
ments disclosed herein can be inserted into a body 1n any
way, such as through a natural orifice, through an incision or
puncture hole formed 1n tissue, etc. The working portions or
end eflector portions of the instruments can be inserted
directly into a patient’s body or can be mnserted through an
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access device that has a working channel through which the
end eflector and elongate shait of a surgical instrument can
be advanced.

Surgical stapling end effectors having jaws configured to
clamp tissue therebetween can experience various loads
within the surgical stapling end effector. Such loads can
include bending loads, shear loads, and/or torsional loads,
for example. These loads can be induced when the jaws are
clamped onto patient tissue and/or during a staple firing
stroke, for example. These loads can cause certain compo-
nents of the surgical stapling end eflectors to elastically
deflect and/or twist, for example, from their original shape.
Replaceable staple cartridges configured to be installed 1n a
cartridge channel jaw of a surgical stapling end eflector can
be particularly vulnerable, or susceptible, to such loads and
the resulting deflection and/or twisting. This vulnerability
can be attributed to the material of the staple cartridge
relative to the materials of the cartridge channel jaw and the
opposing jaw such as, for example, an anvil jaw. The staple
cartridge can include a cartridge body comprised of plastic
while the cartridge channel jaw and the anvil jaw may be
comprised of metal and, owing to differences 1n the elastic-
ity, flexibility, and/or strength of such materials, the staple
cartridge may be more likely to elastically detlect, and/or
twist, from 1ts original shape under certain loads. Moreover,
this vulnerability can also be attributed to the nature of how
the components of a surgical staphng end eflector fit
together. A surgical stapling end eflector can include a
longitudinally translatable cutting edge, or knife, that tra-
verses a longitudinal slot defined in the staple cartridge to
cut tissue clamped between the jaws. Depending on the
configuration of the longitudinal slot, the longitudinal slot
can reduce the strength of the staple cartridge and increase
how much the staple cartridge, and/or portions of the staple
cartridge, can twist or deflect from 1ts original shape under
load. A surgical stapling end eflector can include a translat-
able sled comprising ramped wedges configured to eject
staples from the staple cartridge during the staple firing
stroke. The sled may comprise a base portion that requires
space to translate through the stapling end efl

ector. This
space, often times located between the cartridge body and a
cartridge pan attached to the cartridge body, for example or
between a cartridge body and the cartridge channel jaw
where a cartridge pan 1s not present, can provide a void nto
which portions of the staple cartridge can detlect.

For at least the reasons discussed above, staple cartridges
can be prone to collapsing. In accordance with the present
disclosure, a staple cartridge may collapse when the two
lateral sides of the staple cartridge-one on each side of the
longitudinal slot-torque, deflect, and/or bend inwardly
toward the longitudinal slot. Such deflection of the lateral
sides can cause the staple cavities defined 1n the lateral sides
to become unregistered with, or misaligned with respect to,
the corresponding staple forming pockets defined in the
anvil. Such deflection can also cause binding between the
various components of the end effector such as, for example,
the staple drivers and the staple cavities, the I-beam and the
longitudinal slot of the staple cartridge, and the sled and the
cartridge body, among others. Such binding can increase the
force required to staple and cut the patient tissue and even
prevent the staple finng stroke from being completed. Such
deflection may also cause tissue to bunch up near the
longitudinal slot which can increase the diflicultly of cutting
the tissue during the staple firnng stroke.

FIGS. 1-3 depict a surgical stapling end effector 20100
configured to clamp, cut, and staple patient tissue. As
discussed 1n greater detail further below, the surgical sta-
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pling end eflector 20100 1s configured to mhibit the deflec-
tion of a staple cartridge. The surgical stapling end eflfector
20100 comprises a shaft assembly 20110, a first jaw 20120,
and a second jaw 20130 pivotable relative to the first jaw
20120 to clamp tissue therebetween. The first jaw 20120 and
the second jaw 20130 are supported within the shaft assem-
bly 20110. The first jaw 20120 1s non-pivotable; however,
the first jaw 20120 can be pivotable 1nstead of the second
jaw 20130. In accordance with the present disclosure, the
first jaw 20120 and the second jaw 20130 can both be
pivotable relative to each other. Details of various surgical
stapling assemblies, components, and systems can be seen 1n
U.S. Patent Application Publication No. 2021/0059672,
which 1s hereby incorporated by reference in its entirety
herein.

The first jaw 20130 comprises a cartridge channel 20130
and a staple cartridge 20140. The staple cartridge 20140 1s
replaceable and can be removed and replaced with a new
staple cartridge during a surgical procedure. The cartridge
channel 20130 comprises a bottom portion 20132 and chan-
nel walls 20131 extending upwardly from the bottom por-
tion 20132. The bottom portion 20132 comprises a slot
20133 defined therein configured to receive at least a portion
of a distal head portion 20101 of a firing driver during a
firing stroke (such as a camming pin of a distal I-beam head,
for example). The firing driver, as discussed herein, can
comprise any suitable component or combination of com-
ponents. For example, the firing driver can comprise a
motor, a rod, a firing shaft, any firing drive component, a
distal I-beam head or E-beam head, a firing driver, a cutting
edge, a cartridge sled, and/or staple drivers.

The second jaw 20150 1s pivotable relative to the first jaw
20130 by way of a pin, for example. The second jaw 20150
comprises an anvil 20160 configured to form the staples
20102 ejected from the staple cartridge 20140. The anvil
20160 comprises a proximal end 20161, a distal end 20162,
and a cartridge-facing anvil surface 20163. Tissue 1s con-
figured to be clamped between the cartridge-facing anvil
surface 20163 and the staple cartridge 20140 when the anvil
20160 1s moved 1nto a clamped position. Moreover, the anvil
20160 can be moved toward the staple cartridge 20140
during the firing stroke by the distal head portion 20101
which can include, for example, an I-beam. The anvil 20160
turther comprises a plurality of staple forming pockets
20164 defined in the cartridge-facing anvil surface 20163
and a slot 20165 through which at least a portion of the distal
head portion 20101 1s configured to be received. The slot
20165 comprises an open proximal end an open distal end
20166; however, the distal end 20166 can be closed.

The staple cartridge 20140 comprises a cartridge body
20141 comprising two sides 20142 defined by a longitudinal
slot 20144 defined 1n the cartridge body 20141. The longi-
tudinal slot 20144 1s configured to receive at least a portion
of the distal head portion 20101 during a firing stroke. The
longitudinal slot 20144 extends from a proximal end 20121
of the staple cartridge 20140 toward a distal end of the staple
cartridge 20140. The longitudinal slot 20144 comprises an
open end at the proximal end 20121 of the staple cartridge
20140 and a closed end at the distal end of the staple
cartridge 20140. The cartridge body 20141 further com-
prises a deck surface 20143 and a plurality of staple cavities
20145 defined 1n the deck surface 20143. The staple cavities
20145 are arranged 1n a plurality of longitudinal rows. Each
staple cavity 20145 1s configured to store a staple 20102
therein. The staples 20102 are configured to be sequentially
ejected from the staple cavities 20145 during the firing
stroke as the distal head portion 20101 moves from a
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proximal, unfired position to a fired position that 1s distal to
the proximal, unfired position.

Referring primanly to FIG. 2, each side 20142 of the
cartridge body 20141 further comprises a knife guard 20146
extending upwardly from the deck at the proximal end
20121 of the cartridge body 20141 adjacent the longitudinal
slot 20144. Each kmife guard 20146 comprises a proximal
portion 20147 and a distal portion 20146. The proximal
portion 20147 comprises a first longitudinal length and a
first vertical height. The distal portion 20148 comprises a
second longitudinal length and second vertical height. The
first longitudinal length 1s shorter than the second longitu-
dinal length and the first vertical height 1s greater than the
second vertical height; however, the knife guards can have
any suitable height and/or width. Moreover, other embodi-
ments are envisioned i which the cartridge body 20141
does not have knife guards.

Each side 20142 of the cartridge body 20141 further
comprises a projection 20180 extending toward the second
jaw 20160 from the deck surface 20143 at the proximal end
20121 of the staple cartridge 20140. Discussed in greater
detail below, the projections 20180 are configured to be
received within corresponding cavities 20171 of support
structures 20170 of the anvil 20160 when the end eflector
20100 15 11 a clamped configuration. The projections 20180
are integrally formed with the cartridge body 20141. In
accordance with the present disclosure, the cartridge body
20141 can be formed with the projections 20180 during an
injection molding process. The projections 20180 may com-
prisec a material that 1s different than the cartridge body
20141 and are attached to the cartridge body 20141 after the
cartridge body 20141 1s formed during an injection molding
process. The projections 20180 may comprise a material that
1s different than the cartridge body 20141 and are integrally
formed with the cartridge body 20141 during an insert
molding process, for example. The projections 20180 com-
prise an elongate shape, but can comprise any suitable
shape. Each projection 20180 comprises an outer wall 20182
that 1s flush with an outer wall 20149 of a cartridge body side
20142 of the cartridge body 20141. Each projection 20180
turther comprises a filleted transition surface 20181 extend-
ing from the deck surface 20143 and a filleted transition
surface 20184 extending from a top surface 20183 of the
projection 20180. In accordance with the present disclosure,
the filleted transition surfaces 20184 can aid in aligning, or
guiding, the projections 20180 into the cavities 20171
defined 1n the anvil 20160 when the end effector 20100 1s
placed 1n a clamped configuration.

Referring to FIG. 1, the support structures 20170 of the
anvil 20160 extend downwardly toward the deck surface
20143 of the cartridge body 20141 at the proximal end
20161 of the anvil 20160. Each cavity 20171 defined in each
support structure 20170 1s configured to receive one of the
projections 20180 as the second jaw 20150 1s moved 1nto a
clamped position (FIG. 3). The projections 20180 are cir-
cumierentially surrounded by the support structures 20170
when the projections 20180 are positioned within the cavi-
ties 20171. The projections 20180 are sized and configured
such that they are closely received within the cavities 20171.
When the staple cartridge 20140 experiences clamping
and/or firing loads, for example, one or both of the projec-
tions 20810 can come into contact with the sidewalls of the
cavities 20171 which resist and/or stop the deflection of the
staple cartridge 20410, as a result, such a configuration can
help prevent longitudinal, lateral, and vertical deflection of
the staple cartridge 20140 when the staple cartridge 20140
experiences clamping and/or firing loads, for example.
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In accordance with the present disclosure, the cartridge
body 20141 can be more susceptible to detlection, for
example, nearer the proximal end 20121 of the cartridge
body 20141 owing to the longitudinal slot 20144 separating
the sides of the cartridge body 20141. Thus, positioning the
projections 20180 near the proximal end of the surgical
stapling end effector 20100 can help reduce the detlection of
the cartridge body 20141 near the proximal end 20121. The
top surfaces 20183 of the projections 20810 can help reduce
vertical deflection of the cartridge body 20141 by abutting
against a corresponding surface of the support structure
20170. Each cavity 20171 and 1ts surrounding cavity walls
can be configured to help reduce lateral and/or longitudinal
deflection of the cartridge body 20141.

The projections 20180 can be press-fit into the cavities
20171 when the second jaw 20150 1s moved into a fully-
clamped position. "

The projections 20180 may come 1nto
contact with the walls of the cavities 20171 when the second
jaw 20150 1s closed. The walls of the cavities 20171 may
provide immediate deflection support to the cartridge body
20141 once the second jaw 20150 1s closed. The projections
20180 may not contact cavity walls of the cavities 20171
when the second jaw 20150 1s moved 1nto a fully-clamped
position; however, the projections 20180 can come 1nto
contact with cavity walls of the cavities 20171 when the
cartridge body 20141 detlects causing the projections 20180
to engage the cavity walls of the cavities 20171 which
supports the cartridge body 20141. The projections 20180
may comprise ramped or angled front walls configured to
provide a lead in surface to accommodate the pivoting
motion of the second jaw 20150 into the fully clamped
position. The cavities 20171 may comprise a ramped front
cavity wall corresponding to a ramped front wall of the
projections 20180.

FIGS. 4 and 5 depict a staple cartridge 20200 configured
to be istalled 1n a cartridge channel of a surgical stapling
end effector. The staple cartridge 20200 comprises a car-
tridge body 20210 and a plurality of staple drivers 202350
configured to eject staples from the staple cartridge 20200,
as discussed further below. The cartridge body 20210 com-
prises a longitudinal slot 20211 defined by walls 20213, two
sides 20220 defined by the longitudinal slot 20211, and a
deck surface 20212. Each side 20220 comprises a plurality
of staple cavities arranged 1n longitudinal rows. Each staple
cavity 1s configured to removably store a staple therein. The
staple cavities comprise mnner staple cavities 20221, inter-
mediate staple cavities 20222, and outer staple cavities
20223. The mner staple cavities 20221 are adjacent the
longitudinal slot 20211. The intermediate staple cavities
20222 are positioned between the outer staple cavities 20223
and the mner staple cavities 20221. The outer staple cavities
20223 are positioned adjacent an outer cartridge wall 202135
of the cartridge body 20210. The cartridge body 20210
turther comprises intermediate cartridge walls 20214 that
extend longitudinally adjacent the intermediate staple cavi-
ties 20222,

Each staple driver 20250 i1s configured to eject three
staples from the staple cavities when the staple driver 20250
1s lifted vertically toward the deck surface 20212 from an
unfired position (FIG. 5)—one staple from an inner staple
cavity 20221, one staple from an intermediate staple cavity
20222, and one staple from an outer staple cavity 20223.
Other embodiments are envisioned, however, in which a
staple driver 1s configured to eject less than three staples or
more than three staples. To help prevent the staple drivers
20250 from falling out of the bottom of the cartridge body
20210, the cartridge body 20210 further comprises retention
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features 20240 defined 1n the outer cartridge walls 20215.
The retention features 20240 extend into each outer staple
cavity 20223 and prevent the staple drnivers 20250 from
falling out of the bottom of the cartridge body 20210 from
their unfired position (FIG. 5). Fach staple driver 202350
comprises an inner support column 20251 positioned within
an 1nner staple cavity 20221, an intermediate support col-
umn position within an intermediate staple cavity 20222,
and an outer support column 20233 positioned within an
outer staple cavity 20223. The outer support column 20253
comprises a bottom surface 20254 configured to rest on a
retention feature 20140, as discussed 1n greater detail below.

Each retention feature 20240 comprises an inwardly fac-
ing shelt 20241. The shelf 20241 comprises a bottom lead-1n
edge 20243, a vertical surface 20242 extending from the
lead-1n edge 20243, and a shelf ledge surface 20244 extend-
ing from the vertical surface 20242. The shelf ledge surface
20244 1s configured to prevent a corresponding staple driver
20250 from falling out of the bottom of the cartridge body
20210 from 1its unfired position (FIG. 5). The bottom surface
20254 can be configured to rest on the shelf ledge surface
20244 when the staple driver 20250 1s 1n 1ts unfired position.

The bottom lead-in edge 20243 1s configured to permit
insertion of the staple driver 20250 into the bottom of the
cartridge body 20210 and into the staple cavities 20221,
20222, 20223. The retention feature 20240 can be config-
ured to detlect at least enough to allow for the staple driver
20250 to be positioned above the shelf ledge surface 20244
at which point the retention feature 20240 and outer car-
tridge wall 20215 can elastically assume 1ts original shape
and, thus, hold the staple driver 20250 1n 1ts unfired position.
Each retention feature 20240 may comprise an asymmetric,
or non-uniform, profile with a holding ledge at the top of the
retention feature 20240 and a bottom lead-in edge at the
bottom of the retention feature 20240.

In accordance with the present disclosure, the retention
teatures 20240 can allow for the staple cartridge 20200 to be
reloaded and/or re-assembled, for example, where the staple
drivers 20250 inadvertently fall out of the bottom of the
staple cartridge 20200, for example. The retention features
20140 can be formed using thermoplastic staking, or heat
staking, for example. The staple drivers 20250 can be
inserted nto the staple cavities through the bottom of the
cartridge body 20211 after forming the retention features
20140 with thermoplastic staking. Fach of the retention
features 20240 can be configured to be received within a
corresponding retention cavity defined 1n the outer support
column 20253 of a staple driver 20250 which releasably
holds the staple driver 202350 in 1ts unfired position. The
staple drivers 20250 can be snap-fit into engagement with
the retention features 20140 so as to hold the staple drivers
20250 1n their unfired positions.

The bottom of the cartridge body 20210 comprises the
bottom of the bottom of the staple cartridge 20200. The
staple cartridge 20200 does not have a cartridge pan or
retainer that 1s attached to the cartridge body 20210 that at
least partially extends around the bottom of the cartridge
body 20210 to prevent the staple drivers 20250 from falling
out of the bottom of the cartridge body 20210. Without such
a pan, the overall height of the staple cartridge 20200 can be
shorter thereby saving room in the end eflector. That said,
the staple cartridge 20200 could comprise a cartridge pan in
addition to or 1n lieu of the retention features 20140.

With regard to staple cartridges not having a pan attached
to the cartridge body, further to the above, a space or gap
may be present between the cartridge body and the jaw
channel that receives the staple cartridge. This space allows




US 12,357,302 B2

11

a sled, for example, to move distally between the staple
cartridge and the jaw channel during a firing stroke where a
base portion of the sled, for example, passes underneath the
cartridge body. The jaw channel may comprise a supporting
surface for the sled. IT a pan 1s attached to the cartridge body,
a stmilar space or gap may be present between the cartridge
body and the pan that permits a sled to move therebetween.
The pan may comprise a supporting surface for the sled. In
either event, the space or gap between the cartridge body and
the supporting surface may permit the cartridge body to
deflect under load, as discussed further below.

Tuning the fit between the sled, the cartridge body, and the
supporting surtace can help reduce the deflection of the
staple cartridge, at least 1n certain areas, and can reduce the
force needed to perform the staple firing stroke. The fit of the
base portion within the space, or gap, can be tuned in
specific areas, or zones, ol the staple cartridge to help
prioritize either the reduction of cartridge deflection under
load (tighter fit of the base portion of the sled in the space)
or lower firning forces (looser {it of the base portion of the
sled 1n the space). In one or more areas, or zones, of the
staple cartridge, 1t may be more advantageous to prioritize
the reduction of cartridge deflection under load. In one or
more other zones of the staple cartridge, 1t may be more
advantageous to prioritize lower firing forces.

In accordance with the present disclosure, the vertical gap
distance of the space defined between the sled and the
support surface can be dimensioned such that the sled
supports the staple cartridge and reduces the vertical and/or
lateral deflection of the cartridge body under load. Further,
in accordance with the present disclosure, there may be
little, to no, clearance between the base portion of the sled,
the cartridge body, and the support surface so that the base
portion of the sled closely or tightly fits between the car-
tridge body and the support surface. The vertical gap dis-
tance of the space can be dimensioned so as to provide one
or more other portions of the staple cartridge where the sled
1s less tightly fit between the cartridge body and the oppos-
ing support surface thereby reducing interference between
components and reducing required to perform the staple
firing stroke.

FIGS. 6-10 depict a staple cartridge assembly 20300
comprising a cartridge body 20310 including a deck surface
20311 and an inner cartridge wall 20315 adjacent a central
longitudinal slot 20312 of the staple cartridge assembly
20300. The staple cartridge assembly 20300 comprises a
proximal zone 20301, an intermediate zone 20302, and a
distal zone 20303. In the proximal zone 20301, the 1nner
cartridge wall 20315 does not extend all the way down to a
support surface 20317 and, as a result, a gap 1s defined
between the inner cartridge wall 203135 and the support
surface 20317. Further to the above, the support surface
20317 can, for 1nstance, be defined on a pan attached to the
cartridge body 20310—where the staple cartridge assembly
20300 has a pan—or on the jaw channel of the stapling
instrument. The inner cartridge wall 20315 comprises an
overall height, 1.e., first vertical wall height tW1, and a first
vertical gap height tG1 1s defined between the inner car-
tridge wall 20315 and the support surface 20317. The first
vertical wall thickness tW1 1s defined as the distance
between the deck surface 20311 and a bottom 20316 of the
iner cartridge wall 203135, The first vertical gap height tG1
1s defined as the distance between the bottom 20316 of the
iner cartridge wall 20315 and the support surface 20317.

The staple cartridge assembly 20300 further comprises a
sled 20350 actuatable by a firing actuator, for example,
distally through a firing stroke to eject staples from the staple
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cartridge assembly 20300. The sled 20350 comprises a base
portion, or support base, 20331, inner ramped wedges
20361, and outer ramped wedges 20362. The ramped
wedges 20361, 20362 extend upwardly from the base por-
tion 20351. The ramped wedges 20361, 20362 arc posi-
tioned within corresponding longitudinal cavities, or slots,
of the cartridge body 20310 and are configured to sequen-
tially Iift staple drivers relative to the cartridge body as the
sled 20350 1s moved distally during the staple firing stroke.
The sled 20350 further comprises a central nose 20355
comprising a distal end 20356 that moves within the central
longitudinal slot 20312. The base portion 20351 comprises
inner webs 20352 between the central nose 20355 and the
mner ramped wedges 20361 and, also, outer webs 20353
between the inner ramped wedges 20361 and the outer
ramped wedges 20362. The inner webs 20352 and the outer
webs 20353 have different vertical thicknesses; however, the
webs 20352 and 20353 can have the same vertical thickness.
In either event, as discussed in greater detail below, a portion
of the sled 20350 travels within the gap defined between the
iner cartridge wall 20315 and the support surface 20317.

As can be seen 1n FIG. 9, further to the above, the 1inner
web 20352 travels within the gap defined between the inner
cartridge wall 203135 and the support surface 20317. The
inner web 20352 1s sized and configured such that there 1s a
first clearance gap tCG1 between the top of the mner web
20352 and the bottom 20316 of the inner cartridge wall
20315. The first clearance gap tCG1 provides space for the
inner web 20352 to pass underneath the cartridge body
20310 1n the proximal zone 20301 so as to reduce contact,
or irictional forces, between the sled 203350, cartridge body
20310, and/or support surface 20317. This reduction 1n
tfrictional force can reduce the force required to perform the
staple firing stroke in the proximal zone 20301. Such an
arrangement can help ease the load on a motor of the staple
firing system at the beginning of a firing stroke where an
initially high firlng force may be undesirable.

In the mtermediate zone 20302, the inner cartridge wall
20315 comprises a second vertical wall height tW2 and a
second vertical gap height tG2. The second vertical wall
height tW2 1s defined as the distance between the deck
surface 20311 and a bottom 20316 of the inner cartridge wall
20315. The second vertical gap height tG2 1s defined as the
distance between the bottom 20316 of the inner cartridge
wall 20315 and the support surface 20317. The second
vertical wall height tW2 1s greater than the first vertical wall
height tW1. Thus, the second vertical gap height tG2 15 less
than the first vertical gap height tG1.

As can be seen in FIG. 10, the inner web 20352 travels
within the second vertical gap height tG2 such that there 1s
a second clearance gap tCG2 between the top of the mner
web 20352 and the bottom 20316 of the inner cartridge wall
20315. The second clearance height tCG2 provides a small
gap between the inner web 20352 and the bottom 20316 of
the inner cartridge wall 20315 as the sled passes through the
intermediate zone 20302. During the staple firing stroke,
however, the cartridge body 20310 may deflect downwardly
such that the second clearance gap tCG2 1s eliminated and
the mner cartridge wall 20315 1s 1n contact with the sled
20350. The inner web 20352 of the sled 20350 can be 1n
contact with the mnner cartridge wall 20315 as the sled 20350
1s advanced distally. The second clearance height tCG2 may
not be present prior to the firing stroke and during the firing
stroke. In any event, as the mner web 203352 passes under-
neath the cartridge body 20310 in the intermediate zone
20302, the mner web 203352 can provide support to the inner

cartridge wall 20315 and, thus, the cartridge body 20310.
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Although the contact between the inner web 20352 of the
sled 20350 and the 1nner cartridge wall 20315 increases the
force needed to push the sled 20350 through the firin
stroke, the reduction of cartridge body deflection 1s priori-
tized over required firing forces in the intermediate zone 3
20302, for example. The second clearance gap tCG2 can be
less than the first clearance gap tCG1 but not zero. The
second clearance gap tCG2 may be zero or at least substan-
tially zero relative to possible manufacturing tolerances. The
second vertical gap height tG2 (the space through which the 10
inner web 20352 travels) can be less than the vertical height

of the inner web 20352. In such an instance, the inner web
20352 would positively deflect the mner cartridge wall
20315 vertically away from the opposing support surface
20317. 15

In the distal zone 20303, the mner cartridge wall 20315
comprises a third vertical wall height tW3 providing a third
vertical gap height tG3. The third vertical wall height tW3
1s defined as the distance between the deck surface 20311
and a bottom 20316 of the inner cartridge wall 20315. The 20
third vertical gap height tG3 i1s defined as the distance
between the bottom 20316 of the inner cartridge wall 20315
and the support surface 20317. The second vertical wall
height tW2 1s greater than the first vertical wall height tW1
and the third vertical wall height tW1. Thus, the second 25
vertical gap height tG2 1s less than the first vertical gap
height tG1 and the third vertical gap height tG3. The nner
web 20352 moves within the third vertical gap height tG2
such that there 1s a third clearance gap similar to, or the same
as, the first clearance gap tCG1 between the top of the mner 30
web 20352 and the bottom 20316 of the mner cartridge wall
20315. The cartridge body 20310 may be less susceptible to
deflection, and thus may need less support, near 1ts distal end
grven that the two sides of the cartridge body are connected
at the nose, or distal end, of the cartridge body. 35

Further to the above, each zone 20301, 20302, 20303 may
have a different vertical wall height and a different vertical
gap height than the other. The magnitude of the vertical wall
height may gradually increase from a proximal end of the
staple cartridge assembly 20300 to a distal end of the staple 40
cartridge assembly 20300. Alternatively, the magnitude of
the vertical wall height may gradually decrease from a
proximal end of the staple cartridge assembly 20300 to a
distal end of the staple cartridge assembly 20300. Further,
the magnitude of the vertical gap height may gradually 45
increase from a proximal end of the staple cartridge assem-
bly 20300 to a distal end of the staple cartridge assembly
20300. Alternatively, the magnitude of the vertical gap
height may gradually decrease from a proximal end of the
staple cartridge assembly 20300 to a distal end of the staple 50
cartridge assembly 20300. In any event, the magnitude of
the vertical wall height and/or the vertical gap height can be
specifically tuned for specific zones of the cartridge body
20310 to provide a desired balance between the deflection
support that the sled 20350 can provide during the firing 55
stroke and the firing force needed to complete the firing
stroke.

As described above, the sled 20350 can interact, or at least
potentially interact, with an inner cartridge wall 20315 of the
cartridge body 20310. As also described above, the cartridge 60
body 20310 comprises two inner cartridge walls 20315—
one on each side of the longitudinal slot 20312 defined 1n the
cartridge body 20310. As depicted 1n FIGS. 6-10, the sled
20350 can be configured to engage both of the inner car-
tridge walls 20315 as described above. The sled 20350 65
comprises two iner support webs 20352 which can each
support an inner cartridge wall 20315 and support the
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cartridge body 20310 equally, or at least substantially
equally, on both sides of the cartridge body 20310. More-
over, as discussed above, the cartridge body 20310 com-
prises longitudinal cartridge walls 1n addition to the inner
cartridge walls 20315. The sled 20350 can comprise one or
more additional support webs that can engage and support
the longitudinal cartridge walls of the cartridge body 20310.

As discussed above, the 1nner cartridge walls 20315 can
deflect when a compressive load, for example, 1s applied to
the deck of the cartridge body 20310. As can be seen in
FIGS. 7 and 8, the sled 20350 further comprises horizontal
ledges 20357 extending laterally, or outwardly, from the
distal end 20356 of the central nose portion 203535 that can
engage and support the mner cartridge walls 20315 and
inhibit the cartridge body 20310 from deflecting, or at least
deflecting further. The horizontal ledges 20357 are config-
ured to support the mner cartridge walls 20315 1n at least
two ways. More specifically, the horizontal ledges 20357
extend laterally under the mner cartridge walls 20315 and
can support the cartridge body 20310 from deflecting down-
wardly and, also, extend between the inner cartridge walls
20315 and can support the inner cartridge walls 20315 from
deflecting inwardly. The horizontal ledges 20357 comprise
distal lead-in surfaces configured to pry the inner cartridge
walls 20315 open and/or lift the inner cartridge walls 203135
upwardly. The distal lead-in surfaces can help reduce bind-
ing, or jamming, between the sled 20350 and the cartridge
body 20310, especially in instances of higher clamping
loads between the end effector jaws. The horizontal ledges
20357 are configured to support the inner cartridge walls
20315 at a location that 1s distal to, or ahead of, the ramped
wedges 20361, 20362 engaging the staple drivers during the
firing stroke. As a result, the horizontal ledges 20357 can
help support the inner cartridge walls 20315 and reduce
cartridge body 20310 deflection distally, or ahead, of a firing
driver, such as an I-beam and/or tissue cutting knife, for
example, moving between the mner cartridge walls 20315
during the firing stroke.

Further to the above, an I-beam may be movable from a
proximal unfired position to a distal fired position during a
firing stroke to push the sled 20350 distally. The I-beam
comprises a first cam that engages a first jaw of the end
cllector and a second cam that engages a second jaw of the
end effector. The first cam and the second cam may each
comprise a tlange extending laterally from a central portion
of the I-beam, for example. As the I-beam 1s moved distally
during the firing stroke, the I-beam can pull the first jaw and
the second jaw toward one another to compress the patient
tissue positioned therebetween. The location of the I-beam
can represent the location at which the staple cartridge may
be most prone to collapsing.

FIGS. 11-13 depict a surgical stapling assembly 20400
configured to help reduce cartridge detlection during a firing
stroke. The surgical stapling assembly 20400 comprises an
anvil jaw, a channel jaw 20470, a staple cartridge 20409
positioned within the channel jaw 20470, and a cartridge
support pillar 20440 slideably positioned within the staple
cartridge 20409. The staple cartridge 20409 comprises a
proximal end 20401 and a distal end 20402. The staple
cartridge 20409 comprises a cartridge body 20410 compris-
ing two sides 20412 defined by a longitudinal slot 20411
extending therebetween that 1s configured to receive at least
a portion of a firing driver, such as a sled, cutting edge,
I-beam, and/or firing shait, for example, during a firing
stroke. Fach side 20412 comprises a plurality of staple
cavities 20413 defined 1n a deck surface 20414 of the

cartridge body 20410 that are each configured to removably
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store a staple therein. As can be seen 1n FIG. 12, the cartridge
support pillar 20440 comprises an upper portion 20441, an
intermediate portion 20442, and a lower portion 20444. The
cartridge support pillar 20440 1s closely received within the
longitudinal slot 20411 and 1s configured to slide within the
longitudinal slot 20411 during firing stroke. The cartridge
support pillar 20440 1s configured to counter, prevent, and/or
resist cartridge detlection in the cartridge body 20410 when
the cartridge body 20410 1s subjected to a compressive, or
clamping, load. As discussed in greater detail below, the
cartridge support pillar 20440 1s configured to transfer or
transmit loads that would otherwise cause the detlection of

the cartridge body 20410.

The intermediate portion 20442 of the cartridge support
pillar 20440 comprises laterally extending ledges, or wings,
20443 providing a greater width of the intermediate portion
20442 relative to the upper portion 20441 and the lower
portion 20444. The wings 20433 are recerved within corre-

sponding lateral slots 20415 defined 1n 1mnner cartridge walls
20420 of the longitudinal slot 20411. The wings 20433 are

sized and configured such that the wings 20433 are 1in
contact with, or engaged with, the mner cartridge walls
20420 prior to the cartridge body 20410 being subjected to
a compressive, or clamping, load. The wings 20433 can be
s1ized and configured such that the wings 20433 are not 1n
contact with the inner cartridge walls 20420 prior to the
cartridge body 20410 being subjected to a compressive, or
clamping, load; however, the mner cartridge walls 20420
can deflect mto contact with the wings 20433 when the
cartridge body 20410 1s subjected to a compressive load.
The engagement between the wings 20443 and the side
walls of the lateral slots 20415 can help support the inner
cartridge walls 20420 and reduce the vertical and/or lateral
deflection thereof, as well as of the cartridge body 20410
overall. The cartridge support pillar 20440 can reduce or
prevent collapsing within the staple cartridge 20409 when
the jaws of the surgical stapling assembly 20400 are closed
and/or during the staple firing stroke. In at least one respect,
the cartridge support pillar 20440 provides a bufler structure
within the longitudinal slot 20411 to prevent the sides 20412
from buckling the longitudinal slot 20411 inwardly. More-
over, as discussed in greater detail below, the cartridge
support pillar 20440 can redirect clamping load into the
channel jaw 20470 through the ledges 20443 without the
clamping load flowing through the deck 20414.

In use, further to the above, patient tissue can be clamped
against the deck 20414 of the cartridge body 20410 when the
surgical stapling assembly 20400 1s moved into a clamped
configuration. Also, in use, patient tissue can be further
compressed against the cartridge body 20410 during the
staple firing stroke. A compressive load may flow through
the cartridge body 20410 into the jaw 20470 and, as
described above, the compressive load can distort the car-
tridge body 20410. Referring to FIG. 13, the cartridge
support pillar 20440 transmits a portion of the compressive
load directly into the jaw 20470 without the load passing
through the cartridge body 20410, or at least without passing
through the deck 20414 of the cartridge body 20410. The
cartridge support pillar 20440 comprises a bottom surface
20445 configured to be supported by the channel jaw
204770—either directly or through a cartridge pan attached to
the cartridge body 20410 which i1s in contact with the
channel jaw 20470. The upper portion 20441 of the cartridge
support pillar 20440 can be tlush with top surface of the deck
20414 while the upper portion 20441 may extend above the
deck 20414 so as to intercept clamping forces so that the
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clamping forces can be redirected through the cartridge
support pillar 20440 1into the channel jaw 20470.

Referring now to FIG. 11, the cartridge support pillar
20440 1s positioned near an intermediate zone of the staple
cartridge 20409, 1.¢., at a location between the proximal end
of the staple cartridge 20409 and a distal end of the staple
cartridge 20409. The cartridge support pillar 20440 may be
pre-positioned in the position illustrated 1n FIG. 11 so as to
absorb clamping forces at this position ahead of a staple
firing stroke. As the jaws of the end eflector are clamped
together to mitially clamp tissue and/or as an I-beam starts
to apply final clamping forces during the beginning of a
firing stroke, for example, clamping loads are experienced
throughout the longitudinal length of the staple cartridge
20409. Pre-positioning the cartridge support pillar 20440 1n
the intermediate zone, for instance, helps reduce cartridge
deflection ahead of the firing stroke at the position of the
cartridge support pillar 20440. The cartridge support pillar
20440 may be pre-positioned at the beginning of the staple
firing stroke, or closer to the proximal end of the staple
cartridge 20409, instead of near the intermediate zone of the
staple cartridge 20409. Alternatively, the cartridge support
pillar 20440 may be pre-positioned toward the end of the
staple firing stroke, or closer to the distal end of the staple
cartridge 20409. As described 1n greater detail below, the
cartridge support pillar 20440 may be configured to be
moved distally by the firing driver when the firing driver
comes mto contact with the support pillar 20440.

When the finnng driver reaches the cartridge support pillar
20440, referring to FIG. 11, the firing driver pushes the
cartridge support pillar 20440 toward the distal end 20402
during the rest of the staple firing stroke. As the cartridge
support pillar 20440 1s pushed distally by the firing driver,
the cartridge support pillar 20440 dynamically helps reduce
cartridge detlection as the support pillar 20440 moves dis-
tally through the rest of the firing stroke. Stated another way,
it should be appreciated that the highest loads, or at least
some of the highest loads, experienced in the surgical
stapling assembly 20400 are located around the staples
being fired, 1.e., pushed upwardly toward and against the
anvil jaw by the sled which 1s being pushed distally by, for
example, an I-beam, and, when the sled and the support
pillar 20440 are both pushed distally by the I-beam during
the staple firing stroke, the support pillar 20440 1s advanta-
geously present at, or adjacent to, these high loads. As a
result, the support pillar 20440 can provide eflective support
that moves in conjunction with the occurrence of these high
loads.

In accordance with the present disclosure, a plurality of
cartridge support pillars 20440 can be pre-positioned within
the longitudinal slot 20411. A proximal cartridge support
pillar, an intermediate cartridge support pillar, and a distal
cartridge support pillar can be positioned in the longitudinal
slot 20411 and can be evenly spaced throughout a staple
firing stroke, for example. The firing driver can travel a first
distance before the firing driver bumps into the proximal
cartridge support pillar. The firing driver then travels a
second distance before the proximal cartridge support pillar,
and/or the firing drniver, bumps into the intermediate car-
tridge support pillar. The firing driver then travels a third
distance before the intermediate cartridge support pillar
bumps into the distal cartridge support pillar. A final distance
1s traveled where the firing driver pushes all of the support
pillars mto a final position at the completion of the firing
stroke. In accordance with the present disclosure, the first
distance, the second distance, the third distance, and the final
distance can be the same. Alternatively, the first distance, the
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second distance, the third distance, and the final distance can
be different. Further, a first one of the first distance, the
second distance, the third distance, and the final distance can
be equal to a second one of the first distance, the second
distance, the third distance, and the final distance but dif-
ferent from a third one of the first distance, the second
distance, the third distance, and the final distance, for
example.

In accordance with the present disclosure, the number
and/or size of the cartridge support pillars 20440 pre-
positioned within the staple cartridge 20409 can be selected
based on the length of the staple cartridge, the thickness of
tissue to be cut and stapled, and/or the size of the staples 1n
the staple cartridge. For example, where higher clamping
pressures are expected with thicker tissue, additional car-
tridge support pillars 20440 can be utilized. The staple
cartridge 20409 can come with a plurality of cartridge
support pillars 20440 and a user can insert the desired
number of cartridge support pillars 20440 in the longitudinal
slot 20411 and/or remove unwanted cartridge support pillars
20440. The user can also select the desired position of each
cartridge support pillar 20440. The longitudinal slot 20411
may comprise pre-defined alignment detents defined 1n the
cartridge body 20410 to align and/or releasably retain the
cartridge support pillars 20440 1n position.

In accordance with the present disclosure, the cartridge
support pillar 20440 can be configured to carry and deliver
a hemostatic agent to tissue. The hemostatic agent may
comprise oxygenated regenerated cellulose, for example.
The cartridge support pillar 20440 can be coated in the
hemostatic agent such that the hemostatic agent 1s distrib-
uted onto tissue upon rubbing against the tissue, for
example. The cartridge support pillar 20440 may comprise
a reservoir to carry the hemostatic agent. The sled and/or
I-beam can be configured to puncture the reservoir upon
bumping into the cartridge support pillar 20440 during the
staple firing stroke. The cartridge support pillar 20440 can
be press fit into the longitudinal slot 20411 and/or held with
support detents extending immwardly from the walls of the
longitudinal slot 20411, for example, so as to provide
enough holding force to the cartridge support pillar 20440 to
be punctured prior to being pushed distally. The hemostatic
agent can be applied to the tissue near the cut line for the
remainder of the firing stroke. In accordance with the present
disclosure, only a proximal cartridge support pillar of the
plurality of support pillars 20440 may comprise a hemostatic
agent. More than one cartridge support pillar 20440 may
comprise a hemostatic agent configured to be delivered to
tissue during a firing stroke.

Further to the above, referring again to FIGS. 11-13, a
firing driver, such as an I-beam, for example, can push a sled
and one or more support pillars distally during a staple firing
stroke. The sled comprises ramps that engage the staple
drivers of a staple cartridge to eject the staples stored therein
and may comprise a gap or slot can be defined between two
of the sled ramps that are configured to receive, or at least
partially receive, a support pillar therein. As a result, the
I-beam can push the sled and the sled pushes the support
pillar during a staple firing stroke. The support pillar may
comprise one or more ramps which co-operate with the
ramps of the sled to lift the staple drivers and staples of a
staple cartridge during the staple firing stroke. FIG. 14
depicts a cartridge support pillar 20480 comprising a pri-
mary support pillar body 20481 and a sled portion 20485
extending from the primary support pillar body 20481. In
accordance with the present disclosure, the support pillar
20480 can be pre-positioned 1 a staple cartridge at a

10

15

20

25

30

35

40

45

50

55

60

65

18

location that 1s proximal to a distal-most row of staple
drivers such that, when the primary support pillar body
20481 1s engaged and pushed distally by a firing driver, the
sled portion 20485 at least partially lifts the distal-most row
of staple dnivers to ensure that the distal-most staples
supported by the distal-most row of staple drivers, for
instance, are formed fully during the staple firing stroke. The
primary support pillar body 20481 comprises an upper
portion 20482, a wider intermediate portion 20483, and a
lower portion 20484. The sled portion 20485 extends from
the lower portion 20484. The sled portion 204835 comprises
ramped wedges 20486 configured to engage staple drivers
when the cartridge support pillar 20480 1s advanced distally
by the firing driver. Such a configuration can ensure that the
distal-most staples of each longitudinal staple row are tully
formed at the completion of the staple firing stroke.

Further to the above, the firing driver can be retracted
proximally aifter the staple firing stroke. The sled and the
support pillars may not be retracted proximally with the
firing driver after the staple firing stroke. The support pillars
may remain at the distal end of the staple cartridge after the
firing stroke has been completed. In accordance with the
present disclosure, the distal end, or nose, of the cartridge
body may comprise a housing to store or stow one or more
cartridge support pillars therein. In circumstances where the
firing driver 1s retracted before the staple firing stroke has
been completed, the sled and the support pillars can be left
in place at an intermediate location 1n the staple firing stroke.

As discussed above, a sled of a staple cartridge can be
configured to contact a support pillar and push the support
pillar during a staple firing stroke. As discussed in greater
detail further below, the sled can also be configured to
extend under at least a portion of the support pillar and
receive a compressive or clamping load from the support
pillar. FIGS. 15-18 depict a staple cartridge assembly 20500
for use with a surgical stapling end eflector such as, for
example, those disclosed herein. The staple cartridge assem-
bly 20500 comprises a cartridge body 20510, a sled 20540
configured to eject staples stored in the cartridge body
20510, and a cartridge support pillar 20570 configured to
help reduce cartridge detlection. The cartridge body 20510
comprises a deck surface 20511 configured to support
patient tissue thereon, a plurality of staple cavities 20512
defined 1n the deck surface 20511 that are configured to
removably store a plurality of staples therein, and a longi-
tudinal slot 20513 through which at least a central portion
20541 of the sled 203540 1s configured to travel and through
which at least a portion of a firing driver which pushes the
sled 20540 distally 1s configured to travel. The finng driver
1s configured to push the sled 20540 from a proximal,
unfired position (FI1G. 15) to a distal, fired position (FIG. 18)
to eject the staples from the staple cartridge assembly 20500.
The firing driver may comprise the sled 20540, a firing shatt,
a tissue cutting edge, and/or a distal I-beam head, for
example. The staple cartridge assembly 20500 does not have
a cartridge pan and the cartridge body 20510 is directly
supported by the cartridge channel of a surgical stapling
instrument when the staple cartridge assembly 20500 is
installed i the cartridge channel. The staple cartridge
assembly 20500 may comprise a cartridge pan attached to
the cartridge body 20510 configured to abut the cartridge
channel when the staple cartridge assembly 20500 1is
installed 1n the cartridge channel.

The cartridge support pillar 20570 1s configured to help
reduce deflection of the cartridge body 20510 at and/or
around the location of the cartridge support pillar 20570
during the application of clamping loads to the cartridge




US 12,357,302 B2

19

body 20510. The cartridge support pillar 20570 can be
pre-positioned along the firing stroke such as, for example,
at the position shown in FIG. 15 such that the cartridge
support pillar 20570 can support the cartridge body 20510
ahead of the firng driver and/or sled 20540 during the firing
stroke. The cartridge support pillar 20570 comprises an
upper pillar portion 20571 and a base portion 20575. The
upper pillar portion 20571 comprises a top 20572, a protru-
sion 20573, and a bottom portion 20574. The base portion
20575 extends from the bottom portion 20574. The base
portion 20575 1s configured to be supported by a cartridge
channel of a stapling instrument when the staple cartridge
assembly 20500 1s seated 1n the cartridge channel. The base
portion 20575 can sit directly on top of a support surface of
the cartridge channel opposite a bottom of the cartridge body
20510. Moreover, the base portion 20575 1s positioned and
configured to translate within the same space, or cavity,
within which a base portion of the sled 20540 1s configured
to travel during the staple firing stroke.

The sled 20540 comprises a central portion 20541 com-
prising a notch that defines a shoulder 20542 configured to
engage the protrusion 20573 when the sled 20540 contacts
the cartridge support pillar 20570 during the staple firing
stroke. The shoulder 20542 can extend under the protrusion
20573 such that the support pillar 20570 can sit on the
shoulder 20542 of the sled 20540 when the support pillar
20570 1s subjected to a compressive load. As a result, both
the support pillar 20570 and the sled 20540 can both
transmit the compressive load to a support structure posi-
tioned thereunder. In accordance with the present disclosure,
where the staple cartridge assembly 20500 comprises a pan
attached to the cartridge body 20510, the sled 20540 can
slide on top of the pan and transmit the compressive load
from the support pillar 20570 to the pan. In accordance with
the present disclosure, where the staple cartridge does not
comprise a pan attached to the cartridge body 203510, the
sled 20540 can slide on top of a support surface defined on
the cartridge channel and transmit the compressive load
from the support pillar 20570 to the cartridge channel. The
cartridge body 20510 may comprise one or more support
shoulders upon which the sled 20540 slides that are config-
ured to receive the compressive load from the sled 20540.

As can be seen in FIG. 18, further to the above, the
cartridge support pillar 20570 1s configured to be nested
longitudinally within the sled 20540 when the sled 20540
engages the cartridge support pillar 20570. This nested
longitudinal arrangement allows the cartridge support pillar
20570 to be positioned entirely proximal with respect to a
distal end of the ramped wedges of the sled 20540. A ramped
wedge 20543 15 1llustrated 1n phantom in FIG. 18 1llustrating,
that the cartridge support pillar 20570 1s proximal to a distal
end of the ramped wedge 20543 once the sled 20540 and the
support pillar 20570 have become fully nested. Such a
configuration helps reduce the overall length of a firing
assembly and can reduce the need for additional longitudinal
space at the distal end, or nose, of the staple cartridge to
accommodate the firing assembly at the end of the staple

firing stroke while ensuring that all of the staples are tully
fired by the sled.

FIGS. 18A-18C depict a surgical stapling system 20580
comprising a staple cartridge 20581 having a proximal end

20852 and a distal end 20853 and a cartridge channel 205835
within which the staple cartridge 20851 1s positioned. Simi-
lar to other staple cartridges disclosed herein, the staple
cartridge 208351 comprises a movable cartridge support
20590. The surgical stapling system 20380 further com-
prises a sensing system 20595 configured to detect a param-
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cter of the surgical stapling system 20580 at the movable
cartridge support 20590. Like the other movable cartridge
supports disclosed herein, the movable cartridge support
20590 1s pre-positioned within the staple cartridge 20581.
The movable cartridge support 20590 1s positioned within a
longitudinal slot of the staple cartridge 20581 and 1s con-
figured to be pushed distally by a firing driver, such as an
I-beam, tissue cutting knife, and/or firing bar, for example,
and/or a sled pushed distally by the firing driver, during a
staple firing stroke. The movable cartridge support 20590
may be pre-positioned at a high load location such that the
movable cartridge support 20590 1s configured to reduce
deflection of the staple cartridge 20581 within the high load
location.

The movable cartridge support 20590 comprises an upper
portion 20591 positioned within the central longitudinal slot
of the staple cartridge 20851, a lateral-flange portion 20592,
and a lower portion 20593. The lateral-flange portion 20592
1s positioned within a longitudinal cavity defined between
the bottom of the staple cartridge 20581 and an opposing
support surface of the cartridge channel 20585. The lateral-
flange portion 20592 is configured to fill this longitudinal
cavity at the location of the movable cartridge support 20590
so as to help reduce vertical and lateral cartridge deflection
by transferring the clamping load experienced by the staple
cartridge 20381 to the cartridge channel 20585. The lateral-
flange portion 20592 1s sized and configured such that 1t 1s
engaged with, or 1in close proximity to, the sidewalls of the
longitudinal cavity. At least a portion of the lower portion
20593 1s configured to slide within a longitudinal channel
slot defined 1n the cartridge channel 20585. The longitudinal
channel slot 1s aligned, or at least substantially aligned, with
the central longitudinal slot defined 1n the staple cartridge
20851 such that the movable cartridge support 20590
extends through the longitudinal channel slot of the cartridge
channel and the central longitudinal slot defined in the staple
cartridge 20851.

In accordance with the present disclosure, the movable
support 20590 can be utilized as a vehicle for a load-
detection system that measures the clamping load at the
movable support 20590. The sensing system 20595 com-
prises a sensor 20597, an clectrical lead 20596, and an
clectrical contact 20598 connected to the sensor 20597 by
the electrical lead 20596. The sensor 20597 comprises any
suitable sensor such as, for example, a load cell and/or a
strain gauge configured to detect a compressive clamping
load, for instance, being transmitted through the movable
support 20590. The sensing system 20593 further comprises
a longitudinally-extending conductive trace 20599 posi-
tioned within the cartridge channel 20385. The conductive
trace 20599 can be positioned on a sidewall of the longitu-
dinal channel slot defined in the cartridge channel 20582 so
that the electrical contact 20598 1s electrically coupled with
the conductive trace 20599 regardless of where the movable
cartridge support 20590 1s positioned along the staple firing
stroke path. The conductive trace 20599 may comprise a
supply trace and a return trace. A supply trace can be
positioned on one side of the longitudinal channel slot and
a return trace can be positioned on the opposite side of the
longitudinal channel slot. Further, one trace can be posi-
tioned within the longitudinal channel slot and another trace
can be positioned on or within a cartridge deck surface of the
cartridge body, for example.

The sensing system 20395 1s coupled to a control circuit,
for example, configured to monitor the load detected by the
sensing system 20593. In accordance with the present dis-
closure, the control circuit can be configured to control the
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operation of a surgical stapling istrument—and use data
from the sensing system 20595 to control the operation of
the surgical stapling instrument, as described 1n greater
detaill below. The control system can be configured to
control an electric motor, or closure motor, actuatable to
clamp the end eflector jaws of the surgical stapling instru-
ment and/or an electric motor, or firing motor, actuatable to
move a liring dniver through a staple firing stroke. The
control circuit can be configured to monitor the position of
the movable cartridge support 20590 1n addition to moni-
toring the load detected by the sensing system 20595. The
control circuit can also monitor a position of the sled and/or
firing driver during the firing stroke. Such embodiments can
allow a control circuit to determine a tissue pressure at a
specific location within the finng stroke.

Further to the above, the control circuit can be configured
to utilize the position of the sled, the position of the firing
driver, the position of the movable cartridge support 20590,
and/or the load detected by the sensing system 20595 to
control the staple firing stroke. In accordance with the
present disclosure, the control circuit can be configured to
operate the firing motor at a predetermined, or preset, speed
when the staple firing stroke 1s actuated. Based on data from
the sensing system 20595, however, the control circuit 1s
configured to operate the firing motor at a slower speed
and/or at a faster speed than the predetermined speed. For
example, after the jaws of the end effector have been
clamped onto patient tissue—but prior to performing the
staple firing stroke—the detected clamping load may exceed
a predetermined threshold load and, 1n response, the control
circuit 1s configured to automatically adjust the predeter-
mined speed of the firtng motor prior to the staple firing
stroke. The excessive clamping load may indicate that the
tissue captured between the jaws of the end eflector 1s thick
and/or dense and, as a result, the control circuit may operate
the firing motor at a slower speed. The control circuit can
adjust the predetermined speed to a lower predetermined
speed when the detected clamping load exceeds the thresh-
old. The control circuit can adjust the predetermined speed
ol the firing motor as a function of detected clamping load.
The amount by which the control circuit adjusts speed of the
firing motor can be proportional to the amount in which the
detected clamping load exceeds the threshold. The control
circuit may comprise a processor and a pulse width modu-
lation circuit and/or a frequency modulation circuit, for
example, that can be used to operate the firing motor at a
slower speed. In addition to or in lieu of adjusting the speed
of the finng motor, the control circuit can be configured to
adjust the torque that can be delivered by the firing motor.
The control circuit 1s also configured to adjust the speed
and/or torque of the firing motor during the staple firing
stroke based on data recerved from the sensing system
20595 during the staple firing stroke. In addition to or 1n lieu
of limiting the speed of the firing motor when the detected
clamping load 1s excessive, 1.e., exceeds a predetermined
value, the control circuit 1s also configured to increase the
current to the finng motor or the current available to the
{iring motor.

Further to the above, the control circuit can be configured
to dynamically adjust the speed and/or torque of the firing
motor during different portions of the staple firing stroke. A
staple firnng stroke can have several portions-a first portion
in which the movable cartridge support 20590 1s stationary
while a firing driver 1s moved toward the cartridge support
20590 by the firing motor, and a second portion 1n which the
cartridge support 20590 1s being moved distally by the firing
driver. The control circuit can utilize a first set of parameters
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to operate the firlng motor during the first portion of the
staple firing stroke and a second set of parameters to operate
the firing motor during the second portion of the staple firing
stroke. The control circuit can be configured to evaluate the
clamping load at the movable cartridge support 20590 prior
to the staple firing stroke and/or when the staple firing stroke
1s 1nitiated to establish the parameters used to operate the
firing motor during the first portion of the staple firing stroke
and then re-evaluate the clamping load at the movable
cartridge support 20590 when the sled and/or firing driver
are at and/or near the movable cartridge support 20590. At
such point, new parameters are selected for the rest of the
staple firing stroke. The new parameters used during the
second portion of the staple firing stroke can be the same as
the parameters used during the first portion of the staple
firing stroke. The control circuit can be configured to auto-
matically adjust motor parameters 1n anticipation of the
additional resistance caused by having to push the movable
cartridge support 20590 distally upon reaching the movable
cartridge support 20590. These motor parameters can be
selected based on not only the presence of the movable
cartridge support 20390 but, also, based on the monitored
clamping load at the movable cartridge support 20590.

In accordance with the present disclosure, a staple car-
tridge may comprise a plurality of pre-positioned cartridge
supports, or pillars, where one or more of the supports are
equipped with a sensing system such as the sensing systems
disclosed herein. A control circuit can be configured to
monitor a clamping load at each pre-positioned cartridge
supports and can be configured to adjust a motor control
program based on the monitored loads at a plurality of
locations.

In accordance with the present disclosure, moving oppos-
ing jaws into a fully clamped position can complete a
sensing circuit within the end effector such that the sensing
circuit 1s only powered upon attaimng a fully clamped
position with the jaws.

In accordance with the present disclosure, the sensor
20397 can be disconnected from the conductive trace 20599
upon being moved out of its initial position by the sled
and/or fining dniver, for example. The clamping load can be
monitored by a control circuit via the conductive trace
20599 and the sensor 20597 while the movable cartridge
support 20590 remains 1n 1ts home position; however, once
the cartridge support 20590 1s moved distally out of 1ts home
position by the firng driver, the sensing circuit including the
conductive trace 20599 and sensor 20597 1s open and the
control circuit 1s no longer 1n communication with the sensor
20397. The control circuit 1s configured to detect the open
sensing circuit and take appropriate action. The control
circuit can be configured to utilize a diflerent set of motor
control parameters upon detecting that the sensor circuit 1s
open. In accordance with the present disclosure, the sensor
20597 can be substituted with a resistor and the sensor
circuit 1s 1n a closed state while the cartridge support 1s 1n 1ts
home, or unadvanced, position. When the cartridge support
1s advanced distally from its home position, the sensing
circuit remains closed through the remainder of the staple
firing stroke but the resistance of the sensing circuit changes
depending on the position of cartridge support. The sensing
circuit and cartridge support can act as a potentiometer
varying the resistance of the sensing circuit as the firing
stroke progresses.

In accordance with the present disclosure, a conductive
trace may be mounted to a movable cartridge support, such
as the movable cartridge support 20590, for example. The
conductive trace can straddle the cartridge support. The
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conductive trace mounted to the movable cartridge support
1s configured to close a sensing circuit when the firing driver
reaches the end of 1ts staple firing stroke. The sensing circuit
1s 1n communication with a control circuit such that the
control circuit 1s configured to determine that the firing
driver, the sled, and/or the movable cartridge support 20590
has reached the end-of-stroke position. At such point, the
control circuit 1s configured to stop and/or reverse the firing
motor.

In accordance with the present disclosure, an electrical
circuit can be utilized to determine the stroke position of a
sled within an end eflector. FIG. 19 depicts a surgical
stapling assembly 20600 comprising a firing assembly
20610, a sled 20620 configured to be pushed through a firing
stroke by the firing assembly 20610, and a cartridge channel
jaw 20640. The sled 20620 1s part of a replaceable staple
cartridge seatable 1n the cartridge channel jaw 20640; how-
ever, other embodiments are envisioned 1n which the surgi-
cal stapling assembly 20600 comprises a loading unit that
does not have readily replaceable components. The firing
assembly 20610 comprises push rods 20611 and an I-beam
head 20612 attached to distal ends of the push rods 20611.
The push rods 20611 are translatable by any suitable means
for moving the I-beam head 20612 longitudinally through
the cartridge channel jaw 20640 such as, for example, by a
motor. The I-beam head 20612 comprises a first pin 20613
configured to engage an anvil jaw of the surgical stapling
assembly 20600 and a second pin 20614 configured to
engage the cartridge channel jaw 20640. The pins 20613,
20614 are configured to travel within corresponding slots 1n
the anvil jaw and cartridge channel jaw 20640 during a firing
stroke to control the distance between a deck surface of a
staple cartridge and a tissue compression surface of the anvil
jaw. The I-beam head 20612 further comprises a distal end
20615 that 1s configured to abut and push the sled 20620
through the staple firing stroke. The sled 20620 is actuatable
through the staple firing stroke by the I-beam head 20612 to
eject staples from the staple cartridge. The sled 20620
comprises a base portion 20621 and ramped wedges 20622
extending from the base portion 20621. The ramped wedges
20622 are configured to engage staple drivers to eject staples
from the staple cartridge during the firing stroke. The sled
20620 further comprises an electrically conductive trace
20630, discussed 1n greater detail below, that 1s in commu-
nication with a control circuit that can be used to track the
position of the sled 20620.

Further to the above, the cartridge channel jaw 20640
comprises a cartridge channel 20650 configured to receive a
replaceable staple cartridge 1n a channel cavity 206351
defined 1n the cartridge channel 206350. The channel cavity
20651 1s defined by a bottom support surtace 20653 and
laterally-opposing channel walls 20652, one of which has
been removed 1 FIG. 19 for to better illustrate various
components positioned 1n the cartridge channel jaw 20640.
The cartridge channel 20650 further comprises a longitudi-
nal slot 20654 defined in the bottom support surface 20653
that 1s configured to receive at least a portion of the I-beam
head 20612 therein during the firing stroke. The cartridge
channel 20650 further comprises a longitudinal channel
20655 defined 1 a base portion 20656 of the cartridge
channel 20650 that 1s configured to receive the second pin
20614 during the firing stroke.

The surgical stapling assembly 20600 further comprises a
flex circuit 20660 positioned within the cartridge channel
20650. The flex circuit 20660 1s attached to at least one of
the channel walls 20652 of the cartridge channel 20650 via
one or more adhesives, for example. That said, the flex
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circuit 20660 can be attached to the cartridge channel 20650
in any suitable manner. The flex circuit 20660 comprises a
plurality of branches. For instance, the flex circuit 20660
comprises a proximal circuit branch 20661 positioned within
a proximal zone of the firing stroke, an intermediate circuit
branch 20664 positioned within an intermediate zone of the
firing stroke, and a distal circuit branch 20667 positioned
within a distal zone of the firing stroke. The circuit branches
20661, 20664, 20667 comprise flex circuit portions extend-
ing down onto the bottom support surface 20653 of the
cartridge channel 20650.

The proximal circuit branch 20661 comprises electrical
leads 20662 clectrically connected to a control circuit of a
surgical stapling system. Similarly, the intermediate circuit
branch 20664 comprises electrical leads 20665 clectrically
connected to the control circuit and the distal circuit branch
20667 comprises electrical leads 20668 connected to the
control circuit. The proximal circuit branch 20661 com-
prises electrical contacts 20663 clectrically connected to the
clectrical leads 20662. Similarly, the intermediate circuit
branch 20664 comprises electrical contacts 20666 electri-
cally connected to the electrical leads 20665 and the distal
circuit branch 20667 comprises electrical contacts 20669
clectrically connected to the electrical leads 20668. The
clectrical contacts 20663, 20666, 20669 cach comprise a
discrete location for detecting the position of the sled 20620
as the sled 20620 1s advanced distally during the staple firing
stroke. When the sled 20620 1s 1n 1ts proximal-most unfired
position, the trace 20630 on the sled 20620 clectrically
connects the contacts 20663 such that the proximal circuit
branch 20661 1s 1n a closed state indicating to the control
circuit that the sled 20620 1s 1n its proximal-most unfired
position. When the sled 20620 is part of a replaceable staple
cartridge, the closed state of the proximal circuit branch
20661 can also indicate to the control circuit that the
replaceable staple cartridge 1s 1n an unfired state. Similarly,
when the sled 20620 1s 1n 1ts distal-most fired position, the
distal circuit branch 20667 1s 1n a closed state indicating that
the sled 20620 1s 1n 1ts distal-most fired position and that the
staple cartridge has been fully fired. The control circuit can
be configured to automatically operate the firing motor in
reverse to retract the I-beam head 20612 by way of a motor
upon detecting the closed state of the distal circuit branch
20667.

FIGS. 20-24 depict a surgical stapling assembly 20700
comprising a cartridge channel 20740 configured to receive
a replaceable staple cartridge including a cartridge body and
a sled 20710, and a sled detection system 207035 configured
to detect the location of the sled 20710 within the cartridge
channel 20740 during a staple firing stroke. The sled 20710
comprises a base portion 20711, ramped wedges 20712
extending from the base portion 20711 that are configured to
eject staples from the staple cartridge body during the firing
stroke, and a central portion 20715 configured to travel
within a longitudinal slot defined in the cartridge body. The
central portion 20715 comprises a lower distal rib 20716
comprising a first width, and a lower proximal rib 20717
comprising a second width which 1s greater than the first
width. The cartridge channel 20740 comprises a bottom
20741 and channel sidewalls 20746 extending from the
bottom 20741 that receive the replaceable staple cartridge.
The bottom 20741 comprises a supporting surface 20742
configured to support the sled 20710 during the firing stroke.
The bottom 20741 further comprises a longitudinal slot
20743 and a longitudinal channel 20744 defined therein. The
longitudinal slot 20743 1s configured to receive at least a
portion of the lower distal rib 20716 and lower proximal rib
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20717 of the sled 20710. The longitudinal slot 20743 1is
turther configured to receive at least a portion of a firing
driver during the firing stroke. The longitudinal channel
20744 can be configured to receive a cam, or pin, of an
I-beam head, for example, during the firnng stroke.

The sled detection system 20705 1s configured to detect
the position of the sled 20710 within the cartridge channel
20740 during the firing stroke. The sled detection system
20705 can be electrically coupled to a control circuit of a
surgical stapling instrument. The sled detection system
20705 comprises a conductive post 20720 mounted to the
sled 20710 that 1s positioned within the longitudinal slot
20743 and a flex circuit 20750 positioned within the car-
tridge channel 20740 configured to be engaged by the
conductive post 20720 during the finng stroke. In accor-
dance with the present disclosure, the sled 20710 and the
conductive post 20720 may not be connected to one another
at the outset of the staple firing stroke. As such, the sled
20710 can engage the conductive post 20720 at the outset of
the staple firing stroke. The conductive post 20720 com-
prises a slot 20722 and conductive side walls 20721 and,
during the initial distal motion of the sled 20710 during the
staple firing stroke, the lower distal rnib 20716 1s configured
to slide into the slot 20722 of the conductive post 20720. At
such point, the lower proximal rib 20717 1s configured to
push the conductive post 20720 distally through the longi-
tudinal slot 20743 during the firing stroke. The sled 20710
and the conductive post 20720 may not be connected to one
another before the staple firing stroke.

The flex circuit 20750 1s positioned within a circuit
channel 20747 defined 1n the cartridge channel 20740. The
circuit channel 20747 comprises a channel or slot sized and
dimensioned such that the flex circuit 20750 1s recessed with
respect to, or flush with respect to, the inner surfaces of the
cartridge channel 20740. As such, the flex circuit 20750 1s
not likely to interfere with installation of the replaceable
staple cartridge into the cartridge channel 20740. The flex
circuit 20750 comprises a plurality of branches 20752—
each of which includes an electrical wire, or lead, 20753 and
an electrical contact 20754. The branches 20752 of the flex
circuit 20750 are arranged in pairs such that the contact
20754 of one branch 20752 1s positioned on one side of the
longitudinal slot 20743 and the contact 20754 of the other
branch 20752 1s positioned on the opposite side of the
longitudinal slot 20743. As a result, each pair of branches
20752 comprises opposing electrical contacts 207354 that are
contacted by the conductive post 20720 as the conductive
post 20720 passes the electrical contacts 20754 during the
staple firing stroke. As the conductive post 20720 passes a
pair ol opposing electrical contacts 20754, the conductive
post 20720 closes an electrical circuit of the opposing
clectrical contacts 20754 and electrical leads 20753. As the
conductive post 20720 moves past the pair of closed oppos-
ing contacts 20754, the electrical circuit opens. Progressive
closing and opening of the electrical circuits of each pair of
opposing secondary circuit branches 20752 during the firing
stroke can indicate the position of the conductive post
20720. The position of the conductive post 20720 can be
indicative of the position of the sled 20710 and/or the firing
driver pushing the sled 20710 distally.

Further to the above, the conductive post 20720 can be
slideably positioned within the cartridge channel 20740 and
does not comprise part of the replaceable staple cartridge.
FIG. 21 depicts the sled 20710 positioned i an unfired
position prior to the sled 20710 engaging the conductive
post 20720 1n a first zone 20707. The conductive post 20720

1s pre-positioned 1n the longitudinal slot 20743 in the first
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zone 20707 where the conductive post 20720 closes the
circuit of the opposing branches 20752 in the first zone
20707 prior to the beginning of the staple firing stroke. As
can be seen 1n FIG. 22, the conductive post 20720 1s engaged
by the sled 20710 after an nitial portion of the firing stroke.
From this position, the sled 20710 1s advanced further
distally during the firing stroke where the conductive post
27620 1s pushed out of engagement with the opposing
clectrical contacts 20754 1n the first zone 20707 thereby
opening the circuit of the branches 20752 1n the first zone
20707. The sled 20710 1s then pushed further distally
through the firing stroke toward the branches 20752 1n a
second zone 20708 (FIG. 23) where the conductive post
20720 closes the circuit of the opposing branches 20752 1n
the second zone 20708. The sled 20710 1s advanced further
distally during the staple firing stroke where the conductive
post 27620 1s pushed out of engagement with the opposing
clectrical contacts 20754 1n the second zone 20708 thereby
opening the circuit of the branches 20752 in the second zone
20708. The sled 20710 1s then pushed further distally
through the staple firing stroke toward the branches 20752 in
a third zone 20709 where the conductive post 20720 closes
the circuit of the opposing branches 20752 1n the third zone
20709 (FIG. 23) completing the staple firing stroke.

After the staple firing stroke has been completed, further
to the above, the sled 20710 1s retracted proximally. Refer-
ring to FIG. 24, the conductive post 20720 remains in the
third zone 20709 as the sled 20710 1s retracted back to an
unfired position. The conductive post 20720 can release
from the lower distal rib 20716 as the sled 20710 1s retracted.
Additionally, the conductive post 20720 may not be released
from the sled 20710 and may be retracted proximally with
the sled 20710 mto an unfired position. The conductive post
20720 may disconnect from the sled 20710, reseat, or drop
ofl, at the first zone 20707 (into the position shown in FIG.

1) to prepare for another firing stroke of an unfired staple
cartridge.

In accordance with the present disclosure, a replaceable
staple cartridge may comprise a cartridge circuit including a
memory device configured to store at least one datum related
to whether or not the staple cartridge had been previously
fired. The cartridge circuit 1s configured to write data onto
the memory device which 1s accessible by the control circuit
of a stapling instrument, for example, to determine the spent
status of the staple cartridge once the staple cartridge has
been 1nstalled 1n the stapling instrument. Where the control
circuit receives data from the installed staple cartridge
indicating that the staple cartridge has been previously fired,
the control circuit can prevent the firing motor from being
operated to perform a staple firing stroke. If the control
circuit does not receive data from the installed staple car-
tridge indicating that the staple cartridge has been previously
fired, the control circuit permits the firing motor to respond
to an input to perform a staple firing stroke.

In accordance with the present disclosure, the conductive
post 20720 can provide support within the cartridge channel
20740 so as to help reduce detlection of the cartridge
channel 20740 under clamping loads during the firing
stroke. The conductive post 20720 can act as a wedge so as
to help prevent the longitudinal slot 20743 from collapsing
in on 1tself when subjected to a compressive load when the
end eflector 1s clamped onto patient tissue and/or during the
staple firing stroke.

FIGS. 25-27 depict a surgical stapling assembly 20800
comprising a firing driver, or member, 20810, a cartridge
channel 20820, and a staple cartridge assembly 20830
comprising a deployable support 20840 configured to help
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reduce detlection of the staple cartridge assembly 20830
during a firing stroke. The firnng driver 20810 comprises a
firing bar 20811 actuatable by a motor, for example, and a
distal I-beam head 20812 attached to the firing bar 20811.
The distal I-beam head 20812 comprises a knife edge 20813
configured to cut patient tissue during the firing stroke. The
distal I-beam head 20812 1s configured to push a sled 20835
of the staple cartridge assembly 20830 during the firing
stroke to eject staples from the staple cartridge assembly
20830 and control a tissue gap distance between the staple
cartridge assembly 20830 and an anvil. The distal I-beam
head 20812 comprises a first cam configured to engage the
cartridge channel 20820 and a second cam configured to
engage an anvil jaw of the surgical stapling assembly 20800
during the staple firing stroke.

The staple cartridge assembly 20830 comprises a longi-
tudinal slot 20831 defined therein that i1s configured to
receive at least a portion of the distal I-beam head 20812
during the staple firing stroke. The deployable support
20840 can be press-fit into the longitudinal slot 20831 and
can be configured to be deployed from the staple cartridge
assembly 20830 during the staple firing stroke along a
cut-line, for example. The sled 20835 comprises a central
portion 20836 configured to be pushed by the distal I-beam
head 20812 through the firing stroke. The central portion
20836 comprises a ramp surface 20837 configured to lift the
deployable support 20840 out of the longitudinal slot 20831
during the staple firing stroke as the sled 20835 is pushed
from a proximal end 20801 of the staple cartridge assembly
20830 to a distal end 20803 of the staple cartridge assembly
20830. The ramp surface 20837 1s configured to engage and
l1tt the deployable support 20840 out of, or at least partially
out of, the longitudinal slot 20831. The distal I-beam head
20812 may comprise a central ramp surface configured to
deploy the deployable support 20840.

The deployable support 20840 fits tightly withun the
longitudinal slot 20831 such that the deployable support
20840 can reduce the deflection of the staple cartridge
assembly 20830 under clamping loads by filling the longi-
tudinal slot 20831. The deployable support 20840 comprises
multiple strips 20841 of matenal; however, the deployable
support 20840 can comprise any suitable configuration. The

deployable support 20840 may comprise a single strip of

maternal configured to be cut and deployed from the longi-
tudinal slot 20831 during the staple firing stroke. The
deployable support 20840 may comprise a rigidity suthicient
to prevent, or at least inhibit, the staple cartridge from
collapsing, as discussed herein. The deployable support
20840 may comprise a hemostatic agent. The deployable
support 20840 may comprise one or more layers of an
absorbable hemostat such as, for example, SURGICEL®.
The deployable support 20840 may be comprised of oxi-
dized regenerated cellulose, for example.

In accordance with the present disclosure, as described
above, a sled of a staple cartridge assembly may comprise a
central portion that moves within a central longitudinal slot
of the staple cartridge assembly during a staple firing stroke
that 1s configured to receive a tissue cutting knife, or a firing
driver having a tissue cutting edge, during the staple firing
stroke. FIG. 28 depicts a sled 20900 including a central
portion configured to engage the sidewalls of the central
longitudinal slot to prevent, or at least inhibit, a staple
cartridge assembly from deflecting. The sled 20900 com-
prises a base portion 20910, ramped wedges 20920 extend-
ing from the base portion 20910 configured to eject staples
from the staple cartridge assembly, and a central portion
20930 configured to be received within the central longitu-
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dinal slot. The sled 20900 comprises a proximal end 20901
and a distal end 20902. The central portion 20930 comprises
a proximal portion 20931 and a distal portion 20935—each
of which are configured to move through the central longi-
tudinal slot. The proximal portion 20931 comprises a first
width W1 and the distal portion 20935 comprises a second
width W2 which 1s greater than the first width W1. The distal
portion 20935 comprises a lead-in nose with wedge surfaces
20936 configured to help pry open a longitudinal slot of a
staple cartridge assembly 1n the event that the staple car-

tridge assembly 1s collapsed, or detflected imwardly, for
example, ahead of the sled 20900 as the sled 20900 moves

distally. With the second width W2, the distal portion 20935
can provide support to the staple cartridge assembly by
consuming the entire width of the central longitudinal slot
during the staple firing stroke. The second width W2 may be
greater than the width of the central longitudinal slot. The
distal portion 20935 can be configured to spread the central
longitudinal slot during the firing stroke as the distal portion
20935 1s advanced through the staple cartridge assembly.
Alternatively, the second width W2 may be substantially
equal to width of the central longitudinal slot so as to
provide suflicient support within the central longitudinal slot
but not unnecessarily increase Iriction between the sled
20900 and the central longitudinal slot during the firing
stroke.

Further to the above, the distal portion 20935 of the sled
20930 1s configured to support the staple cartridge assembly
ahead of, 1.e., distally with respect to, the staples being
deployed during the staple firing stroke. The distal portion
20935 extends distally with respect to a front edge 20903 of
the base portion 20910 and distally with respect to ramped
wedges 20920 such that the distal portion 20935 can engage
the sidewalls of the central longitudinal slot ahead of the
staples being deployed. The proximal portion 20931 may
further comprise a proximal-most section having a width
equal to W2. Such a configuration of the central portion
20930 can create a long length of lateral support within the
central longitudinal slot while having a narrow portion
positioned intermediate the proximal and distal wide por-
tions of the central portion 20930. The intermediate narrow
portion of the central portion 20930 1s suiliciently narrow
such that 1t 1s not in contact with the sidewalls of the central
longitudinal slot during the staple firing stroke. Such an
arrangement can minimize, or at least reduce, the frictional
forces between the central portion 20930 and the sidewalls
of the longitudinal slot.

Further to the above, each of the ramped wedges 20920
may further comprise a distal end having a lateral wedge
configuration similar to the central portion 20930. Having
distally-presenting lateral wedges at the distal end of each
ramped wedge 20920 can reduce, or even reverse, the lateral
deflection of a cartridge body. The longitudinal cavities
defined in the cartridge body through which the ramped
wedges 20920 travel during the staple firing stroke may
permit lateral deflection within the cartridge body that can
cause the walls of the cartridge body to laterally collapse
toward each other. The distally-presented lateral wedges of
cach ramped wedge 20920 can pry open collapsed and/or
partially collapsed adjacent cartridge walls. Moreover, a
collection of distally-presented lateral wedges of a sled nose,
sled ramps, and/or a distal I-beam head, for example, can
collectively aid in reducing, or even reversing, lateral car-
tridge detlection.

In accordance with the present disclosure, the sled 20900
shown 1n FIG. 28 can be used with a staple cartridge 20940
shown 1n FIG. 28 A comprising a cartridge body 20941. The
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cartridge body 20941 comprises a deck 20942, a plurality of
staple cavities 20943 defined 1n the deck, and a longitudinal
slot 20946 defined 1n the cartridge body 20941. The longi-
tudinal slot 20946 1s configured to receive at least a portion
of a firing driver and the central portion 20930 of the sled
20900. The sled 20900 1s actuatable distally through the
staple cartridge 20940 from a proximal end 20944 to a distal
end 20945, The longitudinal slot 20946 comprises a proxi-
mal high-load zone 20947 having a first lateral slot width
SW1 between opposing slot walls and a distal low-load zone
20948 having a second lateral slot width SW2 between
opposing slot walls.

The central portion 20930 1s configured to translate
through the longitudinal slot 20946 during a firing stroke. In
accordance with the present disclosure, the slot widths SW1,
SW2 can be sized so as to provide maximum lateral support
within the proximal high-load zone 20447 and reduce iric-
tional forces, or force-to-fire, within the distal low-load zone
20448. In other words, the slot width SW1 1s equal to or less
than the width W2 of the central portion 20930 such that the
distal portion 20935 supports and/or pries open the longi-
tudinal slot 20946 within the proximal high-load zone 20447
providing lateral support to the cartridge body 20941 and
reducing deflection of the cartridge body 20941. The slot
width SW2 1s equal to or greater than the width W2 so as to
reduce Iriction between the central portion 20930 and the
longitudinal slot 20946 and, thus, the force required to push
the sled 20900 through the longitudinal slot 20946.

Further to the above, the wider slot width SW2 of the
longitudinal slot 20496 1s positioned distally with respect to
the narrower slot width SW1. As a result of this arrange-
ment, the force-to-fire the staple cartridge 20940 drops at the
end of the staple firing stroke. However, the longitudinal slot
20496 can have any suitable arrangement of wider slot
widths SW2 and narrower slot widths SW1.

FIGS. 29-32 depict a surgical stapling assembly 21000
including features configured to reduce the deflection, or
collapsing, of a staple cartridge under load. The surgical
stapling assembly 21000 comprises an anvil jaw 21010, a
cartridge channel jaw 21020, and a replaceable staple car-
tridge 21040 positionable in the cartridge channel jaw
21020. During a surgical procedure, tissue “I” can be
clamped between the anvil jaw 21010 and the staple car-
tridge 21040. The anvil jaw 21010 comprises an anvil 21011
comprising a tissue-compression surface 21012, a plurality
of staple forming pockets 21013 defined in the tissue-
compression surtace 21012, and a longitudinal slot 21014
configured to receive at least a portion of a firing driver
therethrough during a staple firing stroke. An anvil-camming,
pin of a firing driver can be configured to be received within
the longitudinal slot 21014 and 1s configured to positively
position the anvil jaw 21010 relative to the cartridge channel
jaw 21020 during the staple firing stroke.

The cartridge channel jaw 21020 comprises a cartridge
channel 21030 configured to receive the staple cartridge
21040 therein. The cartridge channel 21030 comprises a
bottom portion 21031 and channel sidewalls 21035 extend-
ing from the bottom portion 21031 to define a channel cavity
21036 within which the staple cartridge 21040 can be
installed. The bottom portion 21031 comprises a longitudi-
nal slot 21032 configured to recerve at least a portion of the
firing driver therethrough during the firing stroke. A channel-
camming pin of the finng drniver can be configured to be
received within the longitudinal slot 21032 and 1s configured
to positively position the cartridge channel jaw 21020 rela-
tive to the anvil jaw 21010 during the staple firing stroke.
The bottom portion 21031 further comprises a bottom
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support surface 21033 opposite the cartridge body 21041,
discussed 1n greater detail below.

The staple cartridge assembly 21040 comprises a car-
tridge body 21041, a sled 21070 movable through the
cartridge body 21041 during the staple firing stroke by the
firing driver, a plurality of staple drivers 21090 configured to
be lifted by the sled 21070 during the firing stroke, and a
plurality of staples 210935 supported by the staple drivers
21090. The cartridge body 21041 comprises a tissue-con-
tacting deck surface 21046 having a plurality of staple
cavities 210477 defined therein and a longitudinal slot 21048
configured to receive at least a portion of the firing driver
during the firing stroke. The sled 21070 comprises a bottom
web portion 21071 and a plurality of ramped wedges 21076
extending upwardly from the bottom web portion 21071
configured to sequentially lift the staple drivers 21090 from
an unfired position (FIG. 31) to a fired position (FIG. 32)
during the firing stroke to eject the staples 210935 from the
cartridge body 21041 toward the anvil jaw 21010. The sled
21070 further comprises a central rib 21079 extending from
a central web portion 21072 of the bottom web portion
21071 recerved within the longitudinal slot 21048. The firing
driver can be configured to push the central rnib 21079 to
advance the sled 21070 distally during the staple firing
stroke.

The sled 21070 1s configured to be pushed distally from
a proximal unfired position by the firing driver to eject the
staples 21095. In order for the bottom web portion 21071 of
the sled 21070 to translate through the cartridge channel jaw
21020 during the firing stroke, the cartridge channel jaw
21020 comprises a cavity, or space, 21021 defined between
the cartridge body 21041 and the bottom support surface
21033 of the bottom portion 21031 of the cartridge channel
21030. The bottom web portion 21071 1s configured to
translate through the cavity 21021 during the firing stroke.
Discussed in greater detail below, the staple cartridge assem-
bly 21040 further comprises support features 21050 posi-
tioned within the cavity 21021 which are configured to
support the cartridge body 21041 before the staple firing
stroke. Discussed in greater detail below, the support fea-
tures 21050 are configured to be pushed out of the way by
the sled 21070 as the sled 21070 passes the support features
21050.

The cartridge body 21041 turther comprises a plurality of
cartridge walls 21042 extending vertically from the deck
surface 21046. The plurality of cartridge walls 21042 define
various cavities and spaces within the cartridge body 21041
itsell such as, for example, the staple cavities 21047—the
vertical spaces within which the staple drivers 21090 are
lifted—and the longitudinal spaces within which the ramped
wedges 21076 travel. The plurality of cartridge walls 21042
comprise outer walls 21043, intermediate walls 21044, and
inner walls 21045. The outer walls 21043 are positioned
adjacent to and supported by channel sidewalls 21035, the
inner walls 21045 are positioned adjacent to and define the
longitudinal slot 21048, and the mtermediate walls 21044
are positioned between the outer walls 21043 and the 1nner
walls 21045. As discussed above, the staple cartridge assem-
bly 21040 comprises support features 21050. Specifically,
the support features 21050 are positioned on a bottom
surface 21049 of the mner walls 21045. The support features
21050 are configured to traverse the cavity 21021, or extend
down toward the bottom support surface 21033 of the
cartridge channel 21030, to provide vertical support to the
inner walls 21045. The support features 21050 can help
reduce inward and/or downward deflection of the inner walls
21045 of the cartridge body 21041 by extending down to the
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bottom support surface 21033. The bottom support surtace
21033 can, as a result, counter vertical deflection of the inner
walls 21045 by way of the support features 21050.

The support features 21050 comprise proximal support
nubs 21051 and support pillars 21052 positioned adjacent
and distal to the proximal support nubs 21051. In a fully-
extended configuration, or non-hinged configuration, a bot-
tom surface 21053 of the support pillar 21052 1s vertically
supported by the opposing bottom support surtace 21033 of
the cartridge channel 21030. Prior to the staple firing stroke,
the support pillars 21052 are 1n the non-hinged configuration
so as to provide support to the mner walls 20145. When the
sled 21070 1s moved through its staple firing stroke, the sled
21070 then hinges the support pillars 210352 out of the way
upwardly 1nto pillar cavities 21054. Referring to FIG. 30, the
central web portion 21072 of the bottom web portion 21071
of the sled 21070 comprises a distal edge 21074 having a
chamiered surface 21075. During the firing stroke, the distal
edge 21074 1s configured to engage and pivot, or hinge, the
support pillars 21052 upwardly toward the pillar cavities
21054. The chamfiered surface 210735 1s configured to further
encourage the rotation of the support pillars 21052 toward
the pillar cavities 21054. Once the support pillars 21052 are
tully collapsed into the pillar cavities 21054, the support
pillars 21052 are held in the pillar cavities 21054 by a top
surface 21073 of the central web portion 21072 as the sled
21070 passes thereby. Once the sled 21070 passes the
support pillars 21052, the support pillars 21052 are config-
ured to elastically reassume their fully-extended configura-
tion to support the mner walls 21045 proximal of the firng
stroke. The support pillars 21052 may not reassume their
tully-extended configuration and, instead, may be plastically
deformed after being engaged by the sled 21070. In any
event, the support pillars 21052 can provide temporary or
transient support to the cartridge body 21041.

As discussed above, the support features 21050 extend
from the inner walls 21045 of the cartridge body 21041. In
addition to or 1n lieu of the above, various embodiments are
envisioned i which the support features 21050 are present
on the intermediate walls 21044 and/or the outer walls
21043 of the cartridge body 21041. The support pillars
21052 may each have the same configuration; however, at
least some of the support pillars 21052 may have different
configurations. The support pillars 21052 may be more
robust, such as being thicker, for example, at the proximal
end of the cartridge body 21041 as compared to the distal
end of the cartridge body 21041. The support pillars 21052
may be taller at the distal end of the cartridge body 21041
as compared to the proximal end of the cartridge body
21041. The top surtace 21073 of the central web portion
21072 of the sled 21070 may comprise longitudinal slots
defined therein within which the support pillars 21052 can
slide as the sled 21070 passes thereby. Such an arrangement
can reduce binding between the support pillars 21052 and
the sled 21070. The sled 21070 can be configured to engage
and break the support pillars 21052 as the sled 21070 passes
cach support pillar 210352. Some of the support pillars 21052
of the cartridge body 21041 may be frangible and can be
configured to break when engaged by the sled while other
support pillars 21052 may not be frangible and can be
configured to elastically bend out of the way until the sled
21070 passes by the elastically deflected support pillars
21052.

Various aspects of the subject matter described herein are
set out 1n the following examples.

Example 1—A surgical stapling assembly (20100) com-
prising a first jaw (20130), a second jaw (20120), and a
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staple cartridge assembly (20140, 20200, 20300, 20400,
20500, 20940, 21000) positioned 1n the first jaw. The staple

cartridge assembly comprises a plurality of staples (20102),
a plurality of staple drivers (20250), and a cartridge body
(20141, 20210, 20310, 20410, 20510, 20941, 21041). The
cartridge body comprises a deck surface (20143, 20212,
20311, 20414, 20511, 20941, 21046) configured to support
patient tissue, a longitudinal slot (20144, 20211, 20312,
20411, 20513, 20946, 21048) defined 1n the cartridge body

and configured to recerve at least a portion of a knife (20813)
therethrough during a firing stroke, a plurality of staple
cavities (201435, 20221, 20413, 20943, 21047) defined 1n the

deck surface, wherein the plurality of staples are removably
stored within the plurality of staple cavities, and a longitu-

dinal wall (20213, 20315) extending vertically below the

deck surface and longitudinally adjacent the longitudinal
slot, wherein the longitudinal wall comprises a {first zone
(20301) comprising a first wall height within the firing
stroke and a second zone (20302) comprising a second wall
height within the firing stroke greater than the first wall
height. The staple cartridge assembly further comprises a
sled (20350, 20835, 20900, 21070) movable longitudinally
through the cartridge body, wherein the sled comprises a
support base (20351, 20910, 21071) and a ramped wedge
(20361, 20362, 20712, 20920, 21076) extending upward

from the support base, wherein the ramped wedge 1s con-
figured to lift the plurality of staple drivers to eject the
plurality of staples from the plurality of staple cavities
during the firing stroke, and wherein the sled 1s sized and
configured resist deflection of the cartridge body during the
firing stroke within the second zone.

Example 2—The surgical stapling assembly of Example
1, wherein a vertical gap distance 1s defined between a
bottom surface of the longitudinal wall and a top surface
(20351) of the support base of the sled, and wherein the
vertical gap distance comprises a first vertical gap distance
defined within the first zone and second vertical gap distance
defined within the second zone, and wherein the first vertical
gap distance 1s less than the second vertical gap distance.

Example 3—The surgical stapling assembly of Examples

1 or 2, wherein the longitudinal slot comprises laterally-
opposing inner slot walls (20213) defining the longitudinal
slot, wherein the sled comprises a distal wedge (20930)
extending distally from the support base configured to
engage the laterally-opposing mnner slot walls during the
firing stroke, wherein the distal wedge 1s distal to the ramped
wedge, and wheremn the distal wedge comprises a first
portion (20935) comprising a first lateral wedge thickness
and a second portion (20936) comprising a second lateral
wedge thickness, wherein the second portion 1s proximal to
the first portion, and wherein the first lateral wedge thickness
and the second lateral wedge thickness are diflerent.

Example 4—The surgical stapling assembly of Examples
1, 2, or 3, wherein the longitudinal slot comprises a first zone
(20947) comprising a first lateral slot thickness and a second
zone (20948) comprising a second lateral slot thickness,
wherein the first lateral slot thickness is less than second
lateral slot thickness.

Example 5—The surgical stapling assembly of Examples
1, 2, 3, or 4, wherein the staple cartridge assembly further
comprises a support surtace (20132, 20317, 21033) opposite
a bottom of the cartridge body, wherein the sled traverses a
longitudinally-extending pathway (21021) defined between
the bottom of the cartridge body and the support surface, and
wherein the staple cartridge assembly further comprises
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supports (21050) positioned between the support surface and
the cartridge body within the longitudinally-extending path-
way.

Example 6—The surgical stapling assembly of Example
5, wherein the sled 1s configured to move the supports from
a supporting position to a collapsed position during the firing
stroke.

Example 7—The surgical stapling assembly of Example
6, wherein the supports are biased into the supporting
position, and wherein the supports are configured to reas-
sume the supporting position from the collapsed position
alter the sled passes the supports.

Example 8—The surgical stapling assembly of Examples
1, 2,3, 4,5, 6, or’/, wherein the staple cartridge assembly
turther comprises a material (20840) positioned within the
longitudinal slot configured to be lifted above the deck
surface by the sled during the firing stroke.

Example 9—The surgical stapling assembly of Example
8, wherein the material 1s configured to laterally support the
longitudinal slot during the firing stroke.

Example 10—The surgical stapling assembly of
Examples 1, 2, 3, 4, 5, 6, 7, 8, or 9, wherein the anvil
comprises apertures (20171) defined 1 a cartridge-facing
surface of a proximal end of the anvil, wherein the cartridge
body comprises projections (20180) configured to be
received within the apertures upon moving the second jaw
into a clamped position, and wherein each aperture defines
an 1mner surface surrounding an entirety of the projection
received within the aperture.

Example 11—The surgical stapling assembly of
Examples 1, 2, 3,4, 5, 6,7, 8, 9, or 10, further comprising
a longitudinally-translatable support (20440, 20480, 20570,
20590) positioned within the longitudinal slot and config-
ured to transfer clamping pressure from the second jaw to
the first jaw.

Example 12—The surgical stapling assembly of Example
11, wherein the longitudinally-translatable support 1s pre-
positioned within a high-load zone of the firing stroke prior
to the firing stroke.

Example 13—The surgical stapling assembly of
Examples 11 or 12, wherein the longitudinally-translatable
support 1s configured to be pushed distally by the sled.

Example 14—The surgical stapling assembly of
Examples 11, 12, or 13, wherein the longitudinally-translat-
able support comprises a sensor (20597).

Example 15—The surgical stapling assembly of
Examples 11, 12, 13, or 14, further comprising an electrical
circuit (20595) within which the sensor i1s positioned,
wherein the electrical circuit 1s configured to be closed upon
moving the second jaw 1nto a clamped position from an open
position.

Example 16—A surgical stapling assembly comprising a
first jaw, a second jaw; and a staple cartridge assembly
positioned 1n the first jaw, wherein the staple cartridge
assembly comprises a plurality of staples, a plurality of
staple drivers, and a cartridge body comprising a deck
surface configured to support patient tissue, a longitudinal
slot defined 1n the cartridge body and configured to receive
at least a portion of a knife therethrough during a firing
stroke, a plurality of staple cavities defined 1n the deck
surface, wherein the plurality of staples are removably
stored within the plurality of staple cavities, and a longitu-
dinal wall extending vertically below the deck surface and
longitudinally adjacent the longitudinal slot, wherein the
longitudinal wall comprises a first zone comprising a {first
wall height within the firing stroke and a second zone
comprising a second wall height within the firing stroke
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greater than the first wall height. The staple cartridge assem-
bly further comprises a sled movable longitudinally through
the cartridge body, wherein the sled comprises a support
base, and a ramped wedge extending upward from the
support base, wherein the ramped wedge 1s configured to lift
the plurality of staple drivers to eject the plurality of staples
from the plurality of staple cavities during the firing stroke,
and wherein the sled 1s s1zed and configured resist deflection
of the cartridge body during the firing stroke within the
second zone.

Example 17—The surgical stapling assembly of Example
16, wherein a vertical gap distance 1s defined between a
bottom surface of the longitudinal wall and a top surface of
the support base of the sled, and wherein the vertical gap
distance comprises a first vertical gap distance defined
within the first zone and second vertical gap distance defined
within the second zone, and wherein the first vertical gap
distance 1s less than the second vertical gap distance.

Example 18—The surgical stapling assembly of
Examples 16 or 17, wherein the longitudinal slot comprises
laterally-opposing inner slot walls defining the longitudinal
slot, wherein the sled comprises a distal wedge extending
distally from the support base configured to engage the
laterally-opposing inner slot walls during the firing stroke,
wherein the distal wedge 1s distal to the ramped wedge, and
wherein the distal wedge comprises a {first portion compris-
ing a first lateral wedge thickness and a second portion
comprising a second lateral wedge thickness, wherein the
second portion 1s proximal to the first portion, and wherein
the first lateral wedge thickness and the second lateral wedge
thickness are different.

Example 19—The surgical stapling assembly of
Examples 16, 17, or 18, wherein the longitudinal slot
comprises a first zone comprising a first lateral slot thickness
and a second zone comprising a second lateral slot thickness,
wherein the first lateral slot thickness 1s less than second
lateral slot thickness.

Example 20—The surgical stapling assembly of
Examples 16, 17, 18, or 19, wherein the staple cartridge
assembly further comprises a support surface opposite a
bottom of the cartridge body, wherein the sled traverses a
longitudinally-extending pathway defined between the bot-
tom of the cartridge body and the support surface, and
wherein the staple cartridge assembly further comprises
supports positioned between the support surface and the
cartridge body within the longitudinally-extending pathway.

Example 21—The surgical stapling assembly of
Examples 16, 17, 18, 19, or 20, wherein the sled 1s config-
ured to move the supports from a supporting position to a
collapsed position during the firnng stroke.

Example 22—The surgical stapling assembly of
Examples 16, 17, 18, 19, 20, or 21, wherein the supports are
biased 1nto the supporting position, and wherein the supports
are configured to reassume the supporting position from the
collapsed position after the sled passes the supports.

Example 23—The surgical stapling assembly of
Examples 16, 17, 18, 19, 20, 21, or 22, wherein the staple
cartridge assembly further comprises a matenial positioned
within the longitudinal slot configured to be lifted above the
deck surface by the sled during the firing stroke.

Example 24—The surgical stapling assembly of
Examples 16, 17, 18, 19, 20, 21, 22, or 23, wherein the
material 1s configured to laterally support the longitudinal
slot during the firing stroke.

Example 25—The surgical stapling assembly of
Examples 16, 17, 18, 19, 20, 21, 22, 23, or 24, wherein the

anvil comprises apertures defined 1n a cartridge-facing sur-
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face of a proximal end of the anvil, wherein the cartridge
body comprises projections configured to be recerved within
the apertures upon moving the second jaw 1nto a clamped
position, and wherein each aperture defines an inner surface
surrounding an entirety of the projection received within the
aperture.

Example 26—A surgical stapling assembly comprising a
first jaw, a second jaw, and a staple cartridge assembly
positioned in the first jaw, wheremn the staple cartridge
assembly comprises a plurality of staples and a cartridge
body comprising a deck surface configured to support
patient tissue, a longitudinal slot defined in the cartridge
body and configured to receive at least a portion of a knife
therethrough during a firing stroke, and a plurality of staple
cavities defined 1n the deck surface, wherein the plurality of
staples are removably stored within the plurality of staple
cavities. The staple cartridge assembly further comprises a
sled movable longitudinally through the cartridge body to
¢ject the plurality of staples from the plurality of staple
cavities during the firing stroke and a longitudinally-trans-
latable support positioned within the longitudinal slot and
configured to transier clamping pressure from the second
jaw to the first jaw.

Example 27—The surgical stapling assembly of Example
26, wherein the longitudinally-translatable support is pre-
positioned within a high-load zone of the firing stroke prior
to the firing stroke.

Example 28—The surgical stapling assembly of
Examples 26 or 27, wherein the longitudinally-translatable
support 1s configured to be pushed distally by the sled.

Example 29—The surgical stapling assembly of
Examples 26, 27, or 28, wherein the longitudinally-trans-
latable support comprises a sensor.

Example 30—The surgical stapling assembly of
Examples 26, 27, 28, or 29, further comprising an electrical
circuit within which the sensor i1s positioned, wherein the
clectrical circuit 1s configured to be closed upon moving the
second jaw 1nto a clamped position from an open position.

Example 31—A surgical staple cartridge comprising a
plurality of staples and a cartridge body comprising a deck
surface configured to support patient tissue, a longitudinal
slot defined 1n the cartridge body and configured to receive
at least a portion of a knife therethrough during a firing
stroke, a plurality of staple cavities defined in the deck
surface, wherein the plurality of staples are removably
stored within the plurality of staple cavities, and a longitu-
dinal wall extending vertically below the deck surface and
longitudinally adjacent the longitudinal slot, wherein the
longitudinal wall comprises a first longitudinal zone com-
prising a first wall height within the firing stroke and a
second longitudinal zone comprising a second wall height
greater than the first wall height. The surgical staple car-
tridge further comprises a sled movable longitudinally
through the first longitudinal zone and the second longitu-
dinal zone, wherein the sled comprises a bottom and a
wedge extending upward from the bottom, wherein the
wedge 1s configured to eject the plurality of staples from the
plurality of staple cavities during the firing stroke, and
wherein the sled 1s sized and configured resist deflection of
the cartridge body during the firing stroke within the second
longitudinal zone.

Example 32—The surgical staple cartridge of Example
31, wherein a vertical gap distance 1s defined between a
bottom surface of the longitudinal wall and a top surface of
the bottom of the sled, and wherein the vertical gap distance
comprises a first vertical gap distance defined within the first
longitudinal zone and second vertical gap distance defined
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within the second longitudinal zone, and wherein the first
vertical gap distance 1s less than the second vertical gap
distance.

Example 33—The surgical staple cartridge of Examples
31 or 32, wherein the longitudinal slot comprises laterally-
opposing iner slot walls defining the longitudinal slot,
wherein the sled comprises a distal wedge extending distally
from the bottom configured to engage the laterally-opposing
inner slot walls during the firing stroke, wherein the distal
wedge 1s distal to the ramped wedge, and wherein the distal
wedge comprises a lirst portion comprising a first lateral
wedge thickness and a second portion comprising a second
lateral wedge thickness, wherein the second portion 1is
proximal to the first portion, and wherein the first lateral
wedge thickness and the second lateral wedge thickness are
different.

Example 34—The surgical staple cartridge of Examples
31, 32, or 33, wherein the longitudinal slot comprises a first
slot zone comprising a first lateral slot thickness and a

second slot zone comprising a second lateral slot thickness,
wherein the first lateral slot thickness 1s less than second
lateral slot thickness.

Example 35—The surgical staple cartridge of Examples
31, 32, 33, or 34, wherein the sled traverses a longitudinally-
extending pathway defined beneath a plurality of cartridge
walls of the cartridge body, and wherein the staple cartridge
assembly further comprises supports extending downwardly
from the cartridge walls and positioned within the longitu-
dinally-extending pathway.

Many of the surgical imstrument systems described herein
are motivated by an electric motor; however, the surgical
instrument systems described herein can be motivated in any
suitable manner. In various instances, the surgical instru-
ment systems described herein can be motivated by a
manually-operated trigger, for example. In certain instances,
the motors disclosed herein may comprise a portion or
portions of a robotically controlled system. Moreover, any of
the end eflectors and/or tool assemblies disclosed herein can

be utilized with a robotic surgical mstrument system. U.S.
patent application Ser. No. 13/118,241, entitled SURGICAL

STAPLING INSTRUMENTS WITH ROTATABLE
STAPLE DEPLOYMENT ARRANGEMENTS, now U.S.
Pat. No. 9,072,535, for example, discloses several examples
ol a robotic surgical instrument system 1n greater detail.
The surgical mstrument systems described herein have
been described 1in connection with the deployment and
deformation of staples; however, the embodiments
described herein are not so limited. Various embodiments
are envisioned which deploy fasteners other than staples,
such as clamps or tacks, for example. Moreover, various
embodiments are envisioned which utilize any suitable
means for sealing tissue. For instance, an end eflector in
accordance with various embodiments can comprise elec-
trodes configured to heat and seal the tissue. Also, for
istance, an end eflector 1n accordance with certain embodi-
ments can apply vibrational energy to seal the tissue.

The entire disclosures of U.S. Pat. No. 11,589,865,
entitled METHODS FOR CONTROLLING A POWERED
SURGICAL STAPLER THAT HAS SEPARATE ROTARY
CLOSURE AND FIRING SYSTEMS, which 1ssued on Feb.
28, 2023, U.S. Pat. No. 6,978,921, entitled SURGICAL
STAPLING INSTRUMENT INCORPORATING AN
E-BEAM FIRING MECHANISM, which 1ssued on Dec. 27,
2005, U.S. Pat. No. 10,213,203, entitled STAPLE CAR-
TRIDGE ASSEMBLY WITHOUT A BOTTOM COVER,
which 1ssued on Feb. 26, 2019, U.S. Pat. No. 10,945,727,
entitled STAPLE CARTRIDGE WITH DEFORMABLE
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DRIVER RETENTION FEATURES, which 1ssued on Mar.
16, 2021, U.S. Pat. No. 11,234,698, entitled STAPLING
SYSTEM COMPRISING A CLAMP LOCKOUT AND A
FIRING LOCKOUT, which 1ssued on Feb. 1, 2022, U.S.
Pat. No. 11,540,826, entitled SURGICAL STAPLER END
EFFECTOR SLED HAVING CARTRIDGE WALIL SUP-
PORT FEATURE, which 1ssued on Jan. 3, 2023, U.S. Pat.
No. 10,299,792, entitled FASTENER CARTRIDGE COM-
PRISING NON-UNIFORM FASTENERS, which 1ssued on
May 28, 2019, U.S. Pat. No. 8,540,133, entitled STAPLE
CARTRIDGE, which 1ssued on Sep. 24, 2013, U.S. Pat. No.
9,788,835, entitled DEVICES AND METHODS FOR
FACILITATING EJECTION OF SURGICAL FASTENERS
FROM CARTRIDGES, which 1ssued on Oct. 17, 2017, U.S.
Pat. No. 10,105,142, entitled SURGICAL STAPLER WITH
PLURALITY OF CUTTING ELEMENTS, which 1ssued on
Oct. 23, 2018, U.S. Pat. No. 10,537,324, entltled STEPPED
STAPLE CARTRIDGE WITH ASYMMETRICAL
STAPLES, which 1ssued on Jan. 21, 2020, U.S. Pat. No.
7,669,746, entitled STAPLE CARTRIDGES FOR FORM-
ING STAPL HS HAVING DIFFERING FORMED STAPLE
HEIGHTS, which 1ssued on Mar. 2, 2010, U.S. Pat. No.
8,123,100, entitled SURGICAIL STAPLING INSTRU-
MENTS INCLUDING A CARTRIDGE HAVING MUL-
TIPLE STAPLE SIZES, which 1ssued on Feb. 28, 2012, U.S.
Pat. No. 7,407,075, entitled STAPLE CARTRIDGE HAV-
ING MULTIPLE STAPLE SIZES FOR A SURGICAL
STAPLING INSTRUMENT, which 1ssued on Aug. 5, 2008,
U.S. Pat. No. 10,085,749, entitled SURGICAL APPARA-
TUS WITH CONDUCTOR STRAIN RELIEF, which 1ssued
on Oct. 2, 2018, U.S. Pat. No. 10,765,427, entitled
METHOD FOR ARTICULATING A SURGICAL INSTRU-
MENT, which 1ssued on Sep. 8, 2020, U.S. Pat. No. 11,291,
445, entitled SURGICAL STAPLE CARTRIDGES WITH
INT HGRAL AUTHENTICATION KEYS, which 1ssued on
Apr. 5, 2022, U.S. Pat. No. 8,864,007, entitled IMPLANTT-
ABLE FASTENER CARTRIDGE HAVING A NON-UNI-
FORM ARRANGEMENT, which 1ssued on Oct. 21, 2014,
U.S. Pat. No. 11,490,890, entitled COMPRESSIBLE NON-
FIBROUS ADJUNCTS, which 1ssued on Nov. 8, 2022, U.S.
Pat. No. 10,952,724, entitled THREE DIMENSIONAL
ADJUNCTS, which 1ssued on Mar. 23, 2021, U.S. Pat. No.
9,770,245, entitled LAYER ARRANGEMENTS FOR SUR-
GICAL STAPLE CARTRIDGES, which 1ssued on Sep. 26,
2017, U.S. Pat. No. 10,123,798, entitled TISSUE THICK-
NESS COMPENSATOR COMPRISING CONTROLLED
RELEASE AND EXPANSION, which i1ssued on Nov. 13,
2018, U.S. Pat. No. 10,166,023, entitled METHOD OF
APPLYING A BUTTRESS TO A SURGICAL STAPLER
END EFFECTOR, which 1ssued on Jan. 1, 2019, U.S. Pat.
No. 11,207,065, entitled METHOD FOR FABRICATING
SURGICAL STAPLER ANVILS, which 1ssued on Dec. 28,
2021, U.S. Pat. No. 8,141,762, entitled SURGICAL STA-
PLER COMPRISING A STAPLE POCKET, which 1ssued
on Mar. 27, 2012, U.S. Pat. No. 8,876,857, entitled END
EFFECTOR WITH REDUNDANT CLOSING MECHA-
NISMS, which 1ssued on Nov. 4, 2014, U.S. Pat. No.
0,629,631, entitled COMPOSITE DRIVE BEAM FOR
SURGICAL STAPLING, which issued on Apr. 25, 2017,
U.S. Patent Application Publication No. 2022/03468358,
entitled METHOD FOR OPERATING A SURGICAL
INSTRUMENT INCLUDING SEGMENTED ELEC-
TRODES, which published on Nov. 3, 2022, U.S. Patent
Application Publication No. 2022/0304680 entitled DRIV-
ERS FOR FASTENER CARTRIDGE ASSEMBLIES HAV-
ING ROTARY DRIVE SCREWS, which published on Sep.
29, 2022, U.S. Patent Application Publication No. 2022/
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0304679, entitled METHOD OF USING A POWERED
STAPLING DEVICE, which published on Sep. 29, 2022,
U.S. Patent Publication No. 2019/02983 350, entitled METH-
ODS FOR CONTROLLING A POWERED SURGICAL
STAPLER THAT HAS SEPARATE ROTARY CLOSURE
AND FIRING SYSTEMS, which published on Oct. 3, 2019,
U.S. Patent Application Publication No. 2017/0367695
entitled STAPLE CARTRIDGE COMPRISING WIRE
STAPLES AND STAMPED STAPLES, which published on
Dec. 28, 2017, U.S. Patent Application Publication No.
2015/0134077, entitled SEALING MATERIALS FOR USE
IN SURGICAL STAPLING, which published on May 14,
2015, U.S. Patent Application Publication No. 2018/
0168615, entitled METHOD OF DEFORMING STAPLES
FROM TWO DIFFERENT TYPES OF STAPLE CAR-
TRIDGES WITH THE SAME SURGICAL STAPLING
INSTRUMENT, which published on Jun. 21, 2018, U.S.
Patent Application Publication No. 2018/0132849, entitled
STAPLE FORMING POCKET CONFIGURATIONS FOR
CIRCULAR SURGICAL STAPLER ANVIL, which pub-
lished on May 17, 2018, U.S. Patent Application Publication
No. 2018/0168613, entitled SURGICAL INSTRUMENTS
WITH JAWS THAT ARE PIVOTABLE ABOUT A FIXED
AXIS AND INCLUDE SEPARATE AND DISTINCT CLO-
SURE AND FIRING SYSTEMS, which published on Jun.
21, 2018, U.S. Patent Application Publication No. 2017/
0319205, entitled POWERED END EFFECTOR ASSEM -
BLY WITH PIVOTABLE CHANNEL, which published on
Nov. 9, 2017, U.S. Patent Application Publication No.
2014/0001231 entitled FIRING SYSTEM LOCKOUT
ARRANGFE MJNTS FOR SURGICAL INSTRUMENTS,
which published on Jan. 2, 2014, U.S. Patent Apphcatlon
Publication No. 2016/0095596 entltled APPARATUS FOR
ENDOSCOPIC PROCEDURES, which published on Apr.
7, 2016, U.S. Patent Application Publication No. 2015/
0297199, entitled ADAPTER ASSEMBLY WITH GIMBAL
FOR INTERCONNECTING ELECTROMECHANICAL
SURGICAL DEVICES AND SURGICAL LOADING
UNITS, AND SURGICAL SYSTEMS THEREOF, which
published on Oct. 22, 2015, U.S. Patent Application Publi-
cation No. 2022/0031351, enftitled SURGICAL INSTRU-
MENTS WITH DIFFERENT ARTICULATION JOINT
ARRANGEMENTS FOR ACCOMMODATING FLEX-
IBLE ACTUATORS, which published on Feb. 3, 2022, U.S.
Patent Application Publication No. 2022/0031320 entltled
SURGICAL INSTRUMENTS WITH FLEXIBLE FIRING
MEMBER ACTUATOR CONSTRAINT ARRANGE-
MENTS, which published on Feb. 3, 2022, U.S. Patent
Application Publication No. 2023/0119119, entitled
CABLE-DRIVEN  ACTUATION  SYSTEM  FOR
ROBOTIC SURGICAL TOOL ATTACHMENT, which
published on Apr. 20, 2023, International Patent Publication
No. W02018/071497, entitled STAPLER CARTRIDGE
WITH AN INTEGRAL KNIFE, which published on Apr.
18, 2018, International Patent Publication No. WQO2018&/
049211, entitled WRIST ARCHITECTURE, which pub-
lished on Mar. 135, 2018, U.S. Pat. No. 11,298,129, entitled
METHOD FOR PROVIDING AN AUTHENTICATION
LOCKOUT IN A SURGICAL STAPLER WITH A
REPLACEABLE CARTRIDGE, which 1ssued on Apr. 12,
22022/0022, U.S. Pat. No. 10,898,183, entitled ROBOTIC
SURGICAL INSTRUMENT WITH CLOSED LOOP
FEEDBACK TECHNIQUES FOR ADVANCEMENT OF
CLOSURE MEMBER DURING FIRING, which 1ssued on
Jan. 26, 2021, U.S. Pat. No. 5,485,947, entitled LINEAR
STAPLING MECP ANISM WITH CUTTING MEANS,

which 1ssued on Jan. 23, 1996, International Patent Publi-
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cation No. W0O2018/049206, entitled STAPLER RELOAD

DETECTION AND IDENTIFICATION, which published

on Mar. 15, 2018, U.S. Patent Application Publication No.

2016/0249920 entitled SURGICAL FASTENER APPLY-

ING APPARATUS, which published on Sep. 1, 2016, U.S.

Design Pat. No. D974,560, entitled STAPLE CARTRIDGE

which 1ssued on Jan. 3, 2023, U.S. Design Pat. No. D967,

421, entitled STAPLE CARTRIDGE, which 1ssued on Oct.

18, 2022, U.S. Design Pat. No. D933,220, entitled BUT-

TRESS ASSEMBLY FOR A SURGICAL STAPLER, which

1ssued on Oct. 12, 2021, U.S. Pat. No. 9,839,420, entitled

TISSUE THICKNESS COMZ‘JNSATOR COMPRISING

AT LEAST ONE MEDICAMENT, which 1ssued on Dec. 12,

2017, U.S. Pat. No. 10,588,623, entitled ADHESIVE FILM

LAMINATE, which 1ssued on Mar. 17, 2020, U.S. Pat. No.

8,499,992, entitled DEVICE AND METHOD FOR CON-

TROLLING COMPRESSION OF TISSUE, which 1ssued

on Aug. 6, 2013, U.S. Patent Application Publication No.

2022/0378427, entitled STAPLING INSTRUMENT COM-

PRISING JAW MOUNTS, which published on Dec. 1,

2022, U.S. Pat. No. 10,349,939, entitled METHOD OF

APPLYING A BUTTRESS TO A SURGICAL STAPLER,

which 1ssued on Jul. 16, 2019, U.S. Pat. No. 9,386,988,

entitled RETAINER ASSEMBLY INCLUDING A TISSUE

THICKNESS COMPENSATOR, which 1ssued on Jul. 12,

2016, U.S. Pat. No. 9,072,535, entitled SURGICAL STA-

PLING INSTRUMENTS WITH ROTATABLE STAPLE

DEPLOYMENT ARRANGEMENTS, which 1ssued on Jul.

7, 2015, and U.S. Pat. No. 9,844,369, entitled, SURGICAL

END _JFFECTORS WITH FIRING _JLENMN“ MONI-

TORING ARRANGEMENTS, which 1ssued on Dec. 19,

2017 are incorporated by reference herein.

The entire disclosures of:

U.S. Pat. No. 5,403,312, entitled ELECTROSURGICAL
HEMOSTATIC DEVICE, which 1ssued on Apr. 4,
1995;

U.S. Pat No. 7,000,818, entitled SURGICAL STAPLING
INSTRUMENT HAVING SEPARATE DISTINCT
CLOSING AND FIRING SYSTEMS, which 1ssued on
Feb. 21, 2006;

U.S. Pat. No. 7,422,139, entitled MOTOR-DRIVEN
SURGICAL CUTTING AND FASTENING INSTRU-
MENT WITH TACTILE POSITION FEEDBACK,
which 1ssued on Sep. 9, 2008;

U.S. Pat. No. 7,464,849, entltled ELECTRO MECHANI-
CAL SURGICAL INSTRUMENT WITH CLOSURE
SYSTEM AND ANVIL ALIGNMENT COMPO-
NENTS, which 1ssued on Dec. 16, 2008;

U.S. Pat. No. 7,670,334, entitled SURGICAL INSTRU-
MENT HAVING AN ARTICULATING END EFFEC-
TOR, which 1ssued on Mar. 2, 2010:;

U.S. Pat. No. 7,753,245, entitled SURGICAL STAPLING
INSTRUMENTS, which 1ssued on Jul. 13, 2010;

U.S. Pat. No. 8,393,514, entitled SELECTIVELY ORI-

ENTABLE IMPLANTABLE FASTENER CAR-
TRIDGE, which 1ssued on Mar. 12, 2013;

U.S. patent application Ser. No. 11/343,803, entitled
SURGICAL INSTRUMENT HAVING RECORDING
CAPABILITIES, now U.S. Pat. No. 7,845,537;

U.S. patent application Ser. No. 12/031,573, entitled
SURGICAL CUTTING AND FASTENING INSTRU-
MENT HAVING RF ELECTRODES, filed Feb. 14,
2008;

U.S. patent application Ser. No. 12/031,873, entitled END

EFFECTORS FOR A SURGICAL CUTTING AND

STAPLING INSTRUMENT, filed Feb. 15, 2008, now

U.S. Pat. No. 7,980,443
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U.S. patent application Ser. No. 12/235,782, entitled
MOTOR-DRIVEN SURGICAL CUTTING INSTRU-
MENT, now U.S. Pat. No. 8,210411;

U.S. patent application Ser. No. 12/235,972, entitled
MOTORIZED SURGICAL INSTRUMENT, now U.S.
Pat. No. 9,050,083.

U.S. patent application Ser. No. 12/249,117, entitled
POWERED SURGICAL CUTTING AND STAPLING
APPARATUS WITH MANUALLY RETRACTABLE
FIRING SYSTEM, now U.S. Pat. No. 8,608,045;

U.S. patent application Ser. No. 12/647,100, entitled
MOTOR-DRIVEN SURGICAL CUTTING INSTRU-
MENT WITH ELECTRIC ACTUATOR DIREC-
TIONAL CONTROL ASSEMBLY, filed Dec. 24,
2009, now U.S. Pat. No. 8,220,688;

U.S. patent application Ser. No. 12/893,461, entitled
STAPLE CARTRIDGE, filed Sep. 29, 2012, now U.S.
Pat. No. 8,733,613;

U.S. patent application Ser. No. 13/036,64°/, entitled
SURGICAL STAPLING INSTRUMENT, filed Feb.
28, 2011, now U.S. Pat. No. 8,561,870;

U.S. patent application Ser. No. 13/118,241, enftitled
SURGICAL STAPLING INSTRUMENTS WITH
ROTATABLE STAPLE DEPLOYMENT ARRANGE-
MENTS, now U.S. Pat. No. 9,072,535;

U.S. patent application Ser. No. 13/524,049, entitled
ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, filed on Jun. 15,
2012, now U.S. Pat. No. 9,101,358;

U.S. patent application Ser. No. 13/800,025, entitled
STAPLE CARTRIDGE TISSUE THICKNESS SEN-
SOR SYSTEM, filed on Mar. 13, 2013, now U.S. Pat.
No. 9,345,481,

U.S. patent application Ser. No. 13/800,06/7, entitled
STAPLE CARTRIDGE TISSUE THICKNESS SEN-
SOR SYSTEM, filed on Mar. 13, 2013, now U.S.
Patent Application Publication No. 2014/02635352;

U.S. Patent Application Publication No. 2007/0175935,
entitled SURGICAL CUTTING AND FASTENING

INSTRUMENT WITH CLOSURE TRIGGER LOCK-

ING MECHANISM, filed Jan. 31, 2006; and
U.S. Patent Application Publication No 2010/0264194

entitled SURGICAL STAPLING INSTRUMENT
WITH AN ARTICULATABLE END FEFFECTOR,
filed Apr. 22, 2010, now U.S. Pat. No. 8,308,040, are
hereby incorporated by reference herein.

Although various devices have been described herein 1n
connection with certain embodiments, modifications and
variations to those embodiments may be implemented. Par-
ticular features, structures, or characteristics may be com-
bined 1n any suitable manner 1n one or more embodiments.
Thus, the particular features, structures, or characteristics
illustrated or described 1n connection with one embodiment
may be combined 1n whole or i part, with the features,
structures or characteristics of one or more other embodi-
ments without limitation. Also, where materials are dis-
closed for certain components, other materials may be used.
Furthermore, according to various embodiments, a single
component may be replaced by multiple components, and
multiple components may be replaced by a single compo-
nent, to perform a given function or functions. The foregoing
description and following claims are intended to cover all
such modification and variations.

The devices disclosed herein can be designed to
disposed of after a single use, or they can be designed to be
used multiple times. In either case, however, a device can be
reconditioned for reuse after at least one use. Reconditioning

be
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can include any combination of the steps including, but not
limited to, the disassembly of the device, followed by
cleaning or replacement of particular pieces of the device,
and subsequent reassembly of the device. In particular, a
reconditioning facility and/or surgical team can disassemble
a device and, after cleanming and/or replacing particular parts
of the device, the device can be reassembled for subsequent
use. Those skilled 1n the art will appreciate that recondi-
tioming of a device can utilize a variety of techniques for
disassembly, cleaning/replacement, and reassembly. Use of
such techniques, and the resulting reconditioned device, are
all within the scope of the present application.

The devices disclosed herein may be processed before
surgery. First, a new or used mnstrument may be obtained
and, when necessary, cleaned. The instrument may then be
sterilized. In one sterilization technique, the instrument 1s
placed 1n a closed and sealed container, such as a plastic or
TYVEK bag. The container and instrument may then be
placed 1n a field of radiation that can penetrate the container,
such as gamma radiation, x-rays, and/or high-energy elec-
trons. The radiation may kill bacteria on the mstrument and
in the container. The sterilized nstrument may then be
stored 1n the sterile container. The sealed container may keep
the mstrument sterile until it 1s opened 1n a medical facility.
A device may also be sterilized using any other technique
known 1n the art, including but not limited to beta radiation,
gamma radiation, ethylene oxide, plasma peroxide, and/or
steam.

It 1s worthy to note that any reference numbers 1included
in the appended claims are used to reference exemplary
embodiments/elements described 1n the present disclosure.
Accordingly, any such reference numbers are not meant to
limit the scope of the subject matter recited in the appended
claims.

While this mnvention has been described as having exem-
plary designs, the present invention may be further modified
within the spirit and scope of the disclosure. This application
1s therefore intended to cover any variations, uses, or adap-
tations of the ivention using its general principles.

It 1s worthy to note that any reference numbers included
in the appended claims are used to reference exemplary
embodiments/elements described 1n the present disclosure.
Accordingly, any such reference numbers are not meant to
limit the scope of the subject matter recited 1n the appended
claims.

What 1s claimed 1s:

1. A surgical stapling assembly, comprising:

a first jaw;

a second jaw; and

a staple cartridge assembly positioned 1n the first jaw,

wherein the staple cartridge assembly comprises:
a plurality of staples;

a plurality of staple drivers;

a cartridge body, comprising:

a deck surface configured to support patient tissue;

a longitudinal slot defined 1n the cartridge body and
configured to recerve at least a portion of a knife
therethrough during a firing stroke;

a plurality of staple cavities defined 1n the deck
surface, wherein the plurality of staples are
removably stored within the plurality of staple
cavities; and

a longitudinal wall extending vertically below the
deck surface and longitudinally adjacent the lon-
gitudinal slot, wherein the longitudinal wall com-
prises a first zone comprising a first wall height
within the firing stroke and a second zone com-
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prising a second wall height within the firing
stroke greater than the first wall height; and
a sled movable longitudinally through the cartridge

body, wherein the sled comprises:

a support base; and

a ramped wedge extending upward from the support
base, wherein the ramped wedge 1s configured to
it the plurality of staple drivers to eject the
plurality of staples from the plurality of staple
cavities during the firing stroke, and wherein the
sled 1s s1zed and configured resist detlection of the
cartridge body during the firing stroke within the
second zone.

2. The surgical stapling assembly of claim 1, wherein a
vertical gap distance 1s defined between a bottom surface of
the longitudinal wall and a top surface of the support base of
the sled, and wherein the vertical gap distance comprises a
first vertical gap distance defined within the first zone and
second vertical gap distance defined within the second zone,
and wherein the first vertical gap distance 1s less than the
second vertical gap distance.

3. The surgical stapling assembly of claim 1, wherein the
longitudinal slot comprises laterally-opposing inner slot
walls defining the longitudinal slot, wherein the sled com-
prises a distal wedge extending distally from the support
base configured to engage the laterally-opposing inner slot
walls during the firing stroke, wherein the distal wedge 1s
distal to the ramped wedge, and wherein the distal wedge
COmMprises:

a first portion comprising a first lateral wedge thickness;

and

a second portion comprising a second lateral wedge

thickness, wherein the second portion 1s proximal to the
first portion, and wherein the first lateral wedge thick-
ness and the second lateral wedge thickness are difler-
ent.

4. The surgical stapling assembly of claim 1, wherein the
longitudinal slot comprises:

a first zone comprising a first lateral slot thickness; and

a second zone comprising a second lateral slot thickness,

wherein the first lateral slot thickness 1s less than
second lateral slot thickness.

5. The surgical stapling assembly of claim 1, wherein the
staple cartridge assembly further comprises a support sur-
face opposite a bottom of the cartridge body, wherein the
sled traverses a longitudinally-extending pathway defined
between the bottom of the cartridge body and the support
surface, and wherein the staple cartridge assembly further
comprises supports positioned between the support surface
and the cartridge body within the longitudinally-extending
pathway.

6. The surgical stapling assembly of claim 35, wherein the
sled 1s configured to move the supports from a supporting,
position to a collapsed position during the firing stroke.

7. The surgical stapling assembly of claim 6, wherein the
supports are biased into the supporting position, and wherein
the supports are configured to reassume the supporting
position from the collapsed position after the sled passes the
supports.

8. The surgical stapling assembly of claim 1, wherein the
staple cartridge assembly further comprises a material posi-
tioned within the longitudinal slot configured to be lifted
above the deck surface by the sled during the firing stroke.

9. The surgical stapling assembly of claim 8, wherein the
material 1s configured to laterally support the longitudinal
slot during the firing stroke.
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10. The surgical stapling assembly of claim 1, wherein the
second jaw comprises apertures defined 1n a cartridge-facing
surface of a proximal end of the second jaw, wherein the
cartridge body comprises projections configured to be
received within the apertures upon moving the second jaw
into a clamped position, and wherein each aperture defines
an 1mner surface surrounding an entirety of the projection
received within the aperture.

11. A surgical staple cartridge, comprising:

a plurality of staples;

a cartridge body, comprising:

a deck surface configured to support patient tissue;

a longitudinal slot defined 1n the cartridge body and
configured to receive at least a portion of a knife
therethrough during a firing stroke;

a plurality of staple cavities defined 1n the deck surface,
wherein the plurality of staples are removably stored
within the plurality of staple cavities; and

a longitudinal wall extending vertically below the deck
surface and longitudinally adjacent the longitudinal
slot, wherein the longitudinal wall comprises a first
longitudinal zone comprising a first wall height
within the finng stroke and a second longitudinal
zone comprising a second wall height greater than
the first wall height; and

a sled movable longitudinally through the first longitudi-

nal zone and the second longitudinal zone, wherein the

sled comprises:

a bottom: and

a wedge extending upward from the bottom, wherein
the wedge 1s configured to eject the plurality of
staples from the plurality of staple cavities during the
firing stroke, and wherein the sled 1s sized and
configured resist deflection of the cartridge body
during the firing stroke within the second longitudi-
nal zone.
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12. The surgical staple cartridge of claim 11, wherein a
vertical gap distance 1s defined between a bottom surface of
the longitudinal wall and a top surface of the bottom of the
sled, and wherein the vertical gap distance comprises a first
vertical gap distance defined within the first longitudinal
zone and second vertical gap distance defined within the
second longitudinal zone, and wherein the first vertical gap
distance 1s less than the second vertical gap distance.

13. The surgical staple cartridge of claim 11, wherein the
longitudinal slot comprises laterally-opposing inner slot
walls defining the longitudinal slot, wherein the sled com-
prises a distal wedge extending distally from the bottom
configured to engage the laterally-opposing mner slot walls
during the firing stroke, wherein the distal wedge 1s distal to
the wedge, and wherein the distal wedge comprises:

a first portion comprising a first lateral wedge thickness;

and

a second portion comprising a second lateral wedge

thickness, wherein the second portion 1s proximal to the
first portion, and wherein the first lateral wedge thick-
ness and the second lateral wedge thickness are difler-
ent.

14. The surgical staple cartridge of claim 11, wherein the
longitudinal slot comprises:

a first slot zone comprising a first lateral slot thickness;

and

a second slot zone comprising a second lateral slot

thickness, wherein the first lateral slot thickness i1s less
than second lateral slot thickness.

15. The surgical staple cartridge of claim 11, wherein the
sled traverses a longitudinally-extending pathway defined
beneath a plurality of cartridge walls of the cartridge body,
and wherein the surgical staple cartridge further comprises
supports extending downwardly from the cartridge walls and
positioned within the longitudinally-extending pathway.
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